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PREFACE. 


Tins  Treatise  was  commenced  to  supply  a  course  of  Practical 
Chemistry  to  my  own  classes.  I  was  encouraged  to  proceed 
with  it  by  finding  that  the  want  of  a  sufficiently  systematic 
and  explanatory  Laboratory  Text-Book  was  very  widely  felt. 

It  has  been  my  aim  throughout  to  give  all  necessary 
directions  so  fully  and  simply  as  to  reduce  to  a  minimum 
the  assistance  required  from  a  teacher.  The  language 
employed  has,  I  trust,  been  rendered  simple  and  intelligible 
by  avoiding  the  unnecessary  use  of  scientific  terms,  and 
by  explaining  or  paraphrasing  in  ordinary  words  any  such 
terms  when  they  are  introduced  for  the  first  time. 

The  directions  for  working,  and  the  descriptions  of  the 
preparation  and  use  of  apparatus,  have  been  given  more 
fully  than  is  usual.  My  own  experience,  which  is  con- 
firmed by  that  of  other  teachers,  convinces  me  that  one  of 
the  most  serious  hindrances  to  the  utility  of  many  of  the 
smaller  Text- Books  on  Practical  Chemistry  is  the  conciseness 
of  the  language  employed  ;  on  this  account  it  is  unintelligible 
to  the  student  unless  it  is  supplemented  by  very  copious 
verbal  explanation  from  the  teacher. 

Whilst  the  very  desirable  amplifications  above  referred  to 
have  been  made,  all  such  instruction  as  does  not  directly 
bear  on  the  ordinary  requirements  of  the  laboratory  student 
have  been  omitted,  and  the  supplementary  and  explanatory 
portions  have  been  inserted  in  smaller  type. 

I  have  also  thought  it  best  to  avoid  entering  into  any 
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lengthy  theoretical  explanations.    The  modern  teaching  of 
chemistry  is  in  practice  very  appropriately  divided  into 
two  departments;  namely,  theoretical  instruction  imparted 
by  classes  and  lectures,  or  by  the  study  of  text-books  of 
theoretical  chemistry ;  and  practical  experience  acquired  m 
a  chemical  laboratory  by  working  according  to  the  direc- 
tions of  a  Practical  Text-Book.    Since  by  this  system  the 
student  has  time  and  opportunity  afforded  him  elsewhere 
for  the  study  of  the  theoretical  and  descriptive  portions 
of  the  science,  it  is  unnecessary  and  undesirable  that  his 
Practical  Text-Book  should  tempt  him  to  bestow  valuable 
time  in  the  laboratory  upon  the  consideration  of  matters 
which  do  not  directly  bear  upon  his  experimental  work. 

The  analytical  reactions  and  methods  have  been  carefully 
worked  through  from  the  text  by  myself  and  by  the  mem- 
bers of  my  classes:  the  accuracy  and  intelligibility  of  their 
description  have  thus,  I  hope,  been  secured.    Only  those 
reactions  and  methods,  which  are  commonly  employed  for 
analytical  purposes,  have   been   described.     In  selecting 
analytical  methods,  I   have  felt   it   desirable  that  those 
chosen  should  be  as  simple  and  easy  of  execution  as  pos- 
sible.   In  some  cases,  however,  the  methods  which  are  most 
eliaible  on  these  grounds  have  proved  on  trial  to  be  unsatis- 
fartory  in  accuracy  and  delicacy.     They  have  therefore 
been  abandoned  in  the  Analytical  Tables,  and  other  methods, 
which  are  recommended  by  their  trustworthiness  rather  than 
by  their  simpUcity,  have  been  entered.    In  such  cases,  how- 
ever, I  have  described  the  more  simple  methods  also,  since 
they  may  be  employed  in  analyses  in  which  minute  quantities 
of  substances  have  not  to  be  tested  for. 

I  have  felt  it  advisable  to  introduce  reactions  which 
are  useful  in  general  analysis  rather  than  those  which  claim 
to  be  merely  interesting  and  instructive  :  and  I  have  not 


PREFACE. 


Vll 


hesitated  to  adopt  methods  which  are  not  quantitative,  if 
they  are  easy  and  accurate  for  quahtative  analysis. 

The  book  is  intended  to  give  a  course  of  instruction, 
which  is  suited  to  the  general  requirements  of  laboratory 
students.  Those  who  are  using  the  book  for  any  special 
purpose,  or  who  wish  to  prepare  themselves  for  any  particular 
examination,  should  note  that  it  has  been  divided  into  seven 
Sections.  The  objects  of  these  Sections  arc  stated  below  on 
pages  ix,  x,  and  their  Contents  are  given  in  detail  on  pages 
xiii-xxiii. 

The  first  six  Sections,  omitting  the  Fifth,  contain  a  good 
practical  course  for  senior  students.  This  course  may,  how- 
ever, be  somewhat  modified  and  amphfied  to  suit  junior 
students,  who  will  also  possibly  substitute  the  Fifth  Section 
for  the  Sixth. 

The  Fifth  Section  has  indeed  been  inserted  for  the  use  of 
medical,  pharmaceutical,  and  engineering  students,  and  for 
those  who  are  preparing  for  practical  examinations  in  which 
proficiency  in  the  analysis  of  a  simple  salt  only  is  required 
of  the  candidate.  This  is  the  standard  fixed  for  some  of 
the  medical  examinations  and  for  some  of  the  more 
elementary  examinations  in  analytical  chemistry. 

The  Sixth  Section  supplies  a  full  set  of  Tables,  which 
are  suited  for  the  analytical  work  of  advanced  students,  and 
will  be  found  sufficient  to  qualify  a  student  for  the  higher 
University  examinations  and  for  the  examination  of  the  In- 
stitute of  Chemistry  in  qualitative  analytical  chemistry. 

The  Seventh  Section  of  the  book  contains  suggestions  re- 
garding the  fitting  and  furnishing  of  the  laboratory,  together 
with  full  lists  of  all  the  apparatus,  reagents,  and  chemicals 
which  are  required  in  working  through  the  different  Sections 
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of  the  book.  There  is  added  a  list  of  general  apparatus,  with 
a  description  when  necessary  of  its  construction  and  use. 

In  this  Section  there  will  also  be  found  full  and  systematic 
descriptions  of  the  most  simple  methods  for  preparing  the 
different  solutions  which  are  required  in  analysis,  with  a 
statement  of  the  strength  which  is  most  appropriate  for  each. 
Experience  has  proved  that  this  information  is  not  only  very 
convenient,  but  tends  largely  to  secure  economy  of  time  and 
money  in  the  preparation  for  laboratory  work. 

This  Section  concludes  with  Tables  of  Atomic  Weights, 
and  of  Trench  and  English  Weights  and  Measures. 

Symbolic  notation  has  been  employed  throughout  the 
Sections  on  analytical  chemistry.  In  its  most  concise  form, 
this  chemical  shorthand  conduces  so  much  to  brevity  in 
writing  down  results,  that  no  other  plea  is  required  for  its 
use.  The  simple  plan  of  entering  upon  the  label  of  each 
bottle  in  the  laboratory  not  only  the  chemical  name  but  also 
the  chemical  formula  of  its  contents,  will  prevent  the  general 
use  of  chemical  formula  from  causing  perplexity  to  beginners. 
A  reference  to  the  hsts  of  chemicals  in  Section  VII.  will  also 
furnish  the  formula  which  corresponds  to  the  name  of  any 
substance.  It  has,  however,  been  thought  well  to  insert  the 
chemical  name  of  each  substance  together  with  its  formula, 
when  the  substance  is  first  referred  to  in  the  text. 

The  arrangement  of  all  Tables  across  instead  of  along  the 
pages  renders  the  turning  of  the  book  unnecessary,  a  con- 
venience which  will  be  appreciated  by  all  laboratory  students. 
The  "Tables  of  Differences"  contain  a  summary  of  the 
differences  of  behaviour  of  the  members  of  each  Analytical 
Group  with  reagents.  These  Tables  serve  as  useful  guides  to 
elementary  analytical  work,  and  furnish  explanations  of  the 
Analytical  Tables. 
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It  is  almost  superfluous  to  mention  that  free  use  has  been 
made  of  the  older  standard  treatises  on  Chemical  Analysis  ; 
and  my  work  has  partly  consisted  in  remodelling  and  com- 
bining the  information,  which  they  furnish,  in  a  systematic 
and  convenient  form.  My  acknowledgments  are  also  due 
to  many  contemporary  experienced  teachers  who  have  made 
valuable  suggestions  of  addition  and  emendation. 

The  book  is  intended  to  furnish  a  course  of  general 
laboratory  instruction  in  practical  chemistry  and  qualitative 
analysis.  Such  a  course  should  precede  the  higher  training 
of  the  professional  and  pharmaceutical  chemist  and  of  the 
medical  man,  and  the  more  special  training  of  the  technical 
chemist  and  of  the  chemical  engineer.  Sound  elementary 
instruction  in  practical  science  is  now,  however,  generally 
valued  not  only  as  a  preparation  for  a  professional  career,  and 
for  many  branches  of  manufacturing  industry  and  enterprise, 
but  also  as  an  important  branch  of  general  mental  training. 

The  present  Edition  has  undergone  a  thorough  revision, 
and  has  been  in  parts  rearranged  and  reparagraphed  in  order 
to  facilitate  reference.  Some  important  illustrations  have 
been  added  :  and  the  text  has  also  received  additions.  The 
principal  additions  to  the  text  are  an  extension  of  the  method 
of  detecting  organic  substances,  and  the  addition  of  the  re- 
actions of  a  few  important  bodies  of  this  class.  The  organic 
portion  of  the  book  will  now  meet  the  needs  of  many  medical 
students. 

I  have  again  to  thank  Professor  J.  B.  Coleman,  A.R.C.Se. 
DubHn,  F.I.C.,  for  assistance  in  editing  the  new  issue,  and 
for  valuable  suggestions  in  improving  the  book.  Some 
useful  suggestions  have  also  been  made  by  Mr  R.  M.  Caven 
B.Sc,  F.I.C. 

F.  C. 

London,  1899. 
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APPARATUS  FOR  EACH  BENCH-LOCKER. 


1  Bunsen's-burner  with  tubing  (l). 
1  Test-tube  stand,  with  twelve  holes. 
12  Test-tubes. 

1  Test-tube  brush  (13). 

2  Boihng-tubes. 

2  Eound  glass  plates. 
2  Porcelain  dishes. 

2  Watch-glasses. 

1  Four-ounce  conical  flask. 

1  Pestle  and  mortar. 

1  Iron  tripod-stand. 

1  Piece  of  coarse  iron  wire-gauze. 

.3  Glass  funnels,  and  some  cut  filter-papers. 

.3  Small  beakers. 

3  Glass  rods  (lO). 

1  Piece  of  platinum-foil. 

2  Pieces  of  platinum-wire  (9). 
1  Mouth-blowpipe  (6)- 

1  Pipe-clay  triangle  (fig.  81,  IO76). 

I  Wash-bottle  (l2). 

1  Ketort-stand. 

1  Wooden  filter-stand  (fig.  49,  92). 

1  Pair  of  brass  crucible  tongs. 

1  Small  horn  or  vulcanite  spatula. 

1  Wicker  draining-basket  (15). 

A  fuller  description  of  this  apparatus  will  be  found  in  paragraph  II2I. 
Most  of  the  apparatus  may  be  seen  on  the  bench  in  the  Frontispiece 
illustration.  The  reference  numbers  in  Ijrackets  refer  to  paragraphs 
in  which  the  apparatus  is  described. 


SECTTOj^  I. 


PREPARATION  AND  USB  OP  APPARATUS. 


General  Remarks. — A  student  who  is  commencing  work  in  a 
general  laboratory  will  find  on  the  preceding  page  a  list  of  the 
apparatus  which  should  be  contained  in  his  private  locker.  This 
apparatus  should  be  looked  through,  fitted,  and  cleansed,  as  is 
directed  in  this  Section. 

In  tlie  Seventh  Section  will  be  found  particulars  of  other  apparatus, 
wliieh  may  be  used  by  many  students  in  common  ;  also  lists  of  the 
various  reagents,  and  the  methods  of  preparing  them. 

For  convenience  in  reference,  paragraph  numbers  are  printed  in 
the  text  in  black  type,  and  in  square  brackets  at  the  top  of  each 
page. 

Paragraphs  which  are  printed  in  small  type  may  be  passed  over  if 
the  student's  time  is  limited. 


Flames  for  Heating. 


Fig.  1. 


I.  The  Bunsen  Burner  (fig.  1)  is  generally  employed  in 
the  laboratory  for  heating  purposes.  It  is  so  constructed 
that  coal-gas,  entering  near  its  base,  is 
mixed  with  a  proper  proportion  of  air 
before  it  is  burnt.  The  air  is  drawn 
in  through  holes  at  the  lower  part  of 
the  burner,  and  the  mixture  of  gas  and 
air  is  burnt  at  the  top  of  the  upright 
tube.  The  oxygen  of  the  air,  which  is 
thus  mixed  with  the  gas,  burns  the  car- 
bon in  the  body  of  the  flame.  Accord- 
ingly the  luminosity,  which  depends 
upon  the  existence  in  the  flame  of 
unburnt  carbon  or  carbon  compounds,  is  destroyed. 

The  Buiisen-flame  is  therefore  mainly  useful,  because  it 
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THE  BUNSEN  BURXER. 


deposits  no  particles  of  soot  when  it  is  in  contact  with  any 
surface.  Its  high  temperature  and  non-luminosity  also 
render  it  very  vakiable  for  producing  flame-colorations. 

The  burner  should  be  provided  with  some  means  for 
partly  or  entirely  closing  the  air-holes  when  requisite.  This 
is  usually  effected  by  turning  round  a  loose  perforated  ring 
outside  the  holes.  If  the  flame  is  reduced  to  small 
dimensions,  the  supply  of  air  should  be  partly  shut  off,  else 
the  flame  is  apt  to  recede. 

When  the  burner  is  to  be  used,  it  is  connected  by  means 
of  a  piece  of  tightly -fitting  rubber  tubing,  about  5-16ths  of 
an  inch  in  internal  diameter,  with  the  tube  which  supplies 
gas  to  the  working-bench.  The  tap  is  then  turned  on,  and 
in  a  few  seconds  the  gas  is  lighted.  The  flame  should  be 
almost  perfectly  colourless  and  non-luminous. 

Occasionally  the  gas  will  hum  heloio,  that  is,  at  the 
bottom  instead  of  at  the  top  of  the  burner.    This  usually 
happens  when  the  flame  is  small  and  the  quantity  of  air 
admitted  through  the  holes  is  too  great.    It  also  occurs 
when  the  burner  is  lighted  too  soon  after  turning  on  the 
gas-tap.    A  luminous  flame  may  then  be  seen  through  the 
holes  near  the  base  of  the  burner,  burning  from  the  small 
gas-jet  inside.    The  flame  at  the  top  of  the  burner  will  also 
be  long  and  somewhat  luminous,  and  will  emit  a  very  un- 
pleasant smell,  which  is  due  to  the  incomplete  combustion 
of  the  gas.     In  such  a  case  the  flame  should  be  at  once 
extinguished  by  pinching  the  rubber  tubing  close  to  the 
burner ;  and  the  gas  should  be  relighted  after  it  has  escaped 
for  a  few  seconds. 

The  above  statements  should  be  proved  by  trial,  and  the 
effect  of  partially  or  entirely  closing  the  air-holes  of  the 
burner  should  be  observed. 

The  Rose-top  (fig.  1  a)  is  employed  for  diffusing  the  heat  of  the 
flame  over  a  large  surface.  It  is  a  small  perforated  metal  cap  which 
is  placed  upon  the  top  of  the  burner,  and  yields  a  circle  of  flames. 
The  rose-top  is  put  on  the  burner  and  removed  from  it  by  means  of 
crucible-tongs.  It  is  of  course  very  hot  after  being  used,  and  should 
never  be  handled,  or  placed  upon  wood  or  glass,  until  it  is  cool. 
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2.  Fletcher's  Solid-flame  Burner  is  most  convenient  and  satis- 
I'actoiy  for  lieating  large  vessels.  In  its  smallest  size  (figs.  2,  3)  this 
burner  is  also  very  convenient  on  the  student's  working-bench.  The 
burner  shown  in  the  figures  is  the  Bunsen-Argand.    It  furnishes  a 

Fig.  2.  FxG.  3. 


Fletcher  Burners. 

short,  compact,  and  hot  flame,  and  it  presents  the  advantage  that  the 
air-supply  is  self-adjusting.  The  form  of  this  burner,  shown  in  fig.  3, 
is  furnished  with  supports  for  flasks  and  dishes  which  are  being  headed.' 

3.  The  Spirit  Lamp  is  occasionally  employed  instead  of  a  gas- 
burner  ;  but  for  general  purposes  it  should  only  replace  the  gas-burner 
when  coal-gas  cannot  be  obtained. 

The  spirit-lamp  (fig.  4)  consists  of  a  glass  vessel  containing  methy- 
lated spirit,  into  which  dips  a  cotton  wick  supported  by  means  of  a 
brass  or  stoneware  wick-holder.  When  the  lamp  is  not  in  use  the 
upper  end  ot  the  wick  should  be  always 
covered  with  the  glass  cap,  iu  order  to 
prevent  evaporation  of  the  spirit.  If 
the  spirit  is  tolerably  free  from  resinous 
matter,  its  flame  will  be  non-luminous 
and  will  deposit  no  soot.  In  this  lamp 
the  spirit  is  vaporised  as  it  comes  into 
contact  with  the  flame. 


Other  Special  Burners  for  consuming 
a  mixture  of  air  with  vaporised  methy- 
lated spirit  or  petroleum,  or  with  acety- 
lene gas,  are  now  obtainable,  and  may 
be  used  in  laboratories  where  a  supply  Simrit-Lamp. 
of  coal-gas  is  not  available. 

A  burner  similar  in  form  to  the  Bunsen-burner  (i)  for  burninf^  a  mix- 
ture of  vaporised  methylated  spirit  with  air,  and  a  metal  lamp  which 
furnishes  a  smokeless,  non-luminous  flame  with  vaporised  petroleum  oil 
are  described  in  paragraph  1119.    A  modified  Bunsen-burner,  suitable 
for  burning  acetylene,  may  now  be  purchased  ;  and  since  acetylene  can 
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CUTTING  GLASS. 


be  prepared  witli  great  ease  from  calcium  carbide,  ami  tlien  stored  in  a 
small  gas-holder,  such  a  burner  can  be  used  in  laboratories  which 
are  situated  at  a  distance  from  a  gas-works,  and  an  ordinary  laboratory 
attendant  may  readily  perform  the  duties  of  gas-maker. 


Cutting  and  Bending  Glass. 


4.  Glass  Tube  or  Rod  is  Cut  by  laying  it  upon  a  flat  sur- 
face, and  making  a  deep  scratch  with  the  edge  of  a  three- 
cornered  file  at  the  point  to  be  cut.  The  glass  is  then  held 
with  both  hands,  one  on  each  side  of  the  scratch  and  close  to 
it,  and  a  gentle  pressure  is  exerted  upon  the  glass  as  if  trying 
to  break  it  across  (fig.  5).  If  the  file-mark  has  been  made 
sufficiently  deep,  the  glass  will  readily  break  at  this  point. 

The  sharp  edges  of  a  freshly-cut  rod  or  tube  should  always 
be  at  once  rounded.  This  is  effected  either  by  holding 
the  end  of  the  tube  in  the  Eunsen-flame  or  blowpipe-flame 

until  the  edges  are 
partly  melted  (fig.  8, 
p.  6),  or  by  rubbing  ofi" 
the  sharp  edge  with 
the  face  of  a  file. 


Fin 


Select  a  length  of 

hard  -  glass  tubing, 

which  is   about  one- 
CuTTiNG  Glass.  -1-1     c        ■    \  ■ 

eighth  or  an  inch  in 

internal  diameter.    Cut  from  it  one  piece  about  ten  inches 

and  two  pieces  about  five  inches  long,  and  carefully  round 

off  their  sharp  freshly-cut  edges.    Also  cut  off  three  pieces 

of  glass  rod,  respectively  seven,  six,  and  three  inches  in 


length. 


Keep  these  for  future  use. 


5.  Glass  Tube  is  Bent  by  holding  it  in  the  upper  edge 
of  a  common  fish-tail  gas-flame,  so  as  to  heat  at  least  two 
inches  of  the  glass  (fig.  6).  The  tube  is  supported  by  both 
hands,  one  on  either  side  of  the  flame ;  and  is  constantly 
turned  slowly  round  on  its  axis,  in  order  to  heat  all  sides 


BENDING  GLASS. 


equally.  As  soon  as  the  glass  is  felt  to  be  soft  and  pliable, 
it  is  taken  out  of  tlie  flame  and  is  at  once  quickly  bent  to 
the  required  angle.  The  heated  part  must  not  be  allowed 
to  touch  anything  until  it  is  cold.  The  soot  is  then  removed 
from  it  by  a  cloth  or  by  a  piece  of  paper. 

If  a  bend  is  properly  made,  it  should  be  a  curve  and  should 
not  alter  the  bore  of  the  tube  (tig.  7  a).    If  a  sharp  angle 


Good  Bend  {a),  Bad  Bend  (&). 


is  made,  the  bore  will  be  narrowed  (tig.  7  b),  and  the  bend 
will  be  unsightly  and  Aveak,  and  Hable  to  break  under 
a  small  strain. 

Bend  the  longest  piece  of  glass  tubing  {4)  at  right  angles, 
so  that  the  sliorter  part  is  about  two  inches  in  length. 
Keep  this  for  future  use. 

The  Bunseu-llame  is  not  suitable  for  bending  ordinary  glass  tubing  ; 
its  sliapc  is  inconvenient,  and  the  flame  is  so  hot  that  it  softens  the 
glass  too  much  and  causes  it  to  get  out  of  shape. 

Glass  rod,  hard  glass  tube,  .nid  tube  with  thick  walls  or  small  bore 
however,  may  be  bent  in  the  Bunscn-flame,  or  even  in  the  blowpipe- 
Hame. 


TlIK    liLOWlMl'E,   AND  ITS  USK. 

6.  The  Blowpipe  is  used  for  producing  a  small  but  very 
hot  flame,  which  can  be  made  to  assume  any  desired 
direction.  This  is  eff'ected  by  blowing  a  fine  stream  of  air 
from  the  mouth  through  a  gas-llamc.  The  blowpipe  is  held 
in  the  right  hand,  M  ith  its  finely  pierced  tip  resting  on  the 


THE  MOUTH  BLOWPIPE. 
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edge  of  the  burner,  and  just  inside  the  flame  (fig.  8).  The 
mouthpiece  is  then  taken  between  the  lips ;  and  after  the 
cheeks  have  been  blown  out  to  their  full  extent,  the  air 
contained  in  them  is  forced  out  through  the  jet.  This  produces 
a  small  pointed  conical  flame  in  the  direction  of  the  blast. 

The  chief  difficulty  in  using  the  blowpipe  properly  is  expe- 
rienced in  maintaining  the  blast  of  air  uninterrupted  by  the 
breathing.    Patient  trial  will,  however,  remove  this  difficulty. 

It  must  be  borne  in  mind  that  the  cheeks  are  to  be  kept 
constantly  inflated  with  air,  and  that  the  air  must  be  forced 
through  the  blowpipe  by  the  pressure  of  the  cheeks,  and  not 
by  the  action  of  the  lungs.    Breathing  is  carried  on  through 


Fig.  8. 


Fig.  9. 


Rounding  End  of  Glass  Rod. 


Drawing  off  Glass  Tube. 


the  nose ;  and  the  mouth  is  occasionally  replenished  with 
air  from  the  throat,  the  blast  being  meanwhile  maintained 
by  the  cheek-muscles  only. 

It  is  frequently  necessary  to  have  both  hands  free  while 
the  blowpipe  is  being  used.  This  may  be  secured  by  resting 
the  blowpipe-jet  upon  the  top  of  the  gas-burner  and  support- 
incT  the  mouthpiece  by  the  lips  alone,  as  is  shown  in  fig.  9. 


THE  BELLOWS  BLOWPIPE. 
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A  small  flame,  made  luminous  by  nearly  closing  the  air- 
holes of  the  Bimsen-burner,  is  better  suited  for  most  blow- 
pipe-work than  the  ordinary  non-luminous  flame. 

It  is  important  that  the  hole  in  the  nozzle  of  the  blow- 
pipe should  be  small,  else  a  good  flame  will  not  be  obtained, 
and  it  will  also  be  found  difficult  to  maintain  a  continuous 
blast. 

The  student  should,  as  soon  as  possible,  acquire  dexterity 
in  the  use  of  the  mouth-blowpipe,  since  its  flame  serves  for 
many  of  the  shorter  heating  processes  of  the  chemical 
laboratory. 

7.  A  Fletcher-Bunsen  blowpipe  (fig.  10)  which  is  fed  with  air  from 
the  Fletcher  foot-bellows  (fig.  11),  or  from  a  mechanical  or  water 
blower,  is  often  advantageously  employed  for  maintaining  a  high 
temperature  in  fusion  processes,  or  for  extensive  glass-working  or  glass- 
blowing.    It  will  also  be  found  convenient  for  many  other  purposes. 

This  special  form  of  Bunsen-burner  blowpipe  (fig.  10)  is  suitable  for 
many  purposes.    It  consists  of  a  somewhat  large  Bunsen-burner  (i), 

Fig.  10. 


BUNSEN  BLOWPfPE. 


which  is  furnished  with  two  taps.  One  of  these  taps  controls  the  gas- 
supply,  the  other  controls  the  air-blast  from  the  bellows. 

When  a  Bunsen-flamc  is  required,  the  gas  is  supplied  to  the 
burner,  and  the  air-supply  is  adjusted  at  the  base  of  the  burner  by 
the  ring  D. 

When  the  blowpipe-flame  is  to  be  used,  the  metal  ring  B  is  placed 
upon  the  top  of  the  bui  nor  so  as  to  reduce  the  aperture,  and  the  supply 
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of  gas  aud  the  air-blast  are  regulated  until  a  flame  of  the  necessary 
character  is  obtained. 

The  Bunsen  Gas-blowpipe  (1118)  will  be  found  better  adapted  than 
the  Fletcher-blowpipe  for  more  elaborate  glass-blowing  and  working. 

The  Herapath  Gas-blowpipe  (1118)  is  convenient  for  smaller  heating 
purposes.  It  can,  if  desired,  be  readily  blown  by  the  mouth.  It  may 
be  purchased  without  the  foot  and  the  tap,  the  upright  tube  being  then 
slipped  down  the  tube  of  a  Bunsen-burner. 

A  Petroleum,  or  Spirit,  Blowpipe  (1119)  may  be  used  where  coal- 
gas  is  not  available.  It  possesses  the  advantage  of  being  portable  and 
of  requiring  no  bellows  or  air-blast. 

8.  Small  Ignition-tubes. — One  of  the  pieces  of  hard- 
glass  tubing,  about  five  inches  in  length  (4),  is  drawn  out  at 
its  middle  point  by  heating  it  strongly  in  the  blowpipe-fianie 
(fig.  9).    While  the  tube  is  being  heated,  it  is  held  in 

Fig.  12. 


Glass  Tube  drawn  our. 


both  liands,  and  is  constantly  turned  round  upon  its  long 
axis  in  order  to  secure  uniform  heating.  As  soon  as  the 
glass  is  softened,  it  is  gradually  drawn  out  by  pulling  the 
ends  of  the  tube  in  opposite  directions.  The  narrowed 
portion  of  the  tube  (fig.  12)  is  then  cut  across  (4)  at  its 
middle  point.  By  heating  the  conical  part  (a)  in  the  blow- 
pipe-flame,  the  narrow  tube  may  then 
F'f-  ^3.  drawn  off,  and  a  small  closed 

(y—         :    .       tube  is  obtained  (fig.  13).    If  the 
„,  closed  end  is  heated  to  redness  in 

IgNITION-U  UBE. 

the  blowpipe-flame,  it  may  be  ex- 
panded into  a  small  bulb  by  gently  blowing  down  the  tube. 

Small  test-tubes,  three  inches  long  by  half  an  inch  in 
diameter,  will  also  serve  for  ignition-tubes. 

9.  Mounted  Platinum  wires. — Select  a  length  of  platinum 
wire  about  as  stout  as  an  ordinary  pin.  Ascertain  that  the 
wire  does  not  permanently  impart  colour  to  a  Bunsen-llame 


10.] 


when  it  is  heated  to  bright  redness  in  the  tiame.  Cut  oil 
two  pieces  of  this  wire,  each  about  two  inches  in  length,  and 
proceed  to  fix  them  in  glass  handles  in  the  following  way,  in 
order  to  prevent  them  from  being  lost,  and  to  facilitate  their 
being  held  in  the  fingers. 

Draw  out  at  its  middle  point  (fig.  12)  the  piece  of  glass 
tube  (4)  about  five  inches  in  length,  and  cut  it  across  at 
the  middle  of  the  narrow  portion.  Each  of  the  pieces  of 
tube  thus  obtained  serves  for  the  handle  of  a  wire. 

Break  off  the  narrow  part  of  the  tube  until  it  extends  only 
about  a  quarter  of  an  inch  from  the  shoulder  a  (fig.  12). 
Insert  the  end  of  the  platinum  Avire  into  this  narrow  opening. 
Then  hold  the  end  of  the  tube,  containing  the  wire,  in  the 
blowpipe-flame,  until  the  glass  melts  and  thickens  around  the 
end  of  the  wire,  fixing  it  firmly  when  cold  (fig.  14).  The 

Fig.  14. 

o—  

MouNTKD  Platinum  Wire. 

free  end  of  the  wire  may  then  be  rolled  round  a  stout  wire 
into  a  loop  about  an  eighth  of  an  inch  across. 

10.  Glass  Stirring-rods.— Remove  by  a  file  any  small 
projections  from  the  ends  of  each  of  the  glass-rods,  which 
were  made  (4)  by  cutting  some  solid  glass-rod  into  lengths  of 
about  three,  six,  and  seven  inches.  Then  heat  both  ends  of 
each  rod  to  redness  in  the  tip  of  the  blowi)ipe-flame ;  the 
rod  boiii^ 

meanwhile  constantly  turned  round  on  its  lone 
axis  (fig.  8,  p.  6).  The  sharp  edges  of  the  glass  are  thus 
rounded  by  fusion.  Tiie  end  of  the  rod  must  not  be  allowed 
to  touch  anything  until  it  is  cool. 

Sometimes  a  very  slender  glass  rod  is  required.  This  may 
be  obtained  by  heating  a  suitable  ])oint  in  an  ordinary  rod 
with  constant  rotation  in  the  blowpipe-flame  until  the  glass 
is  well  softened,  and  then  drawing  the  glass  out  to  the 
requisite  fineness.    See  lig.  9  (p.  G)  and  tig.  12. 
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Boring  Corks. 


Fig.  15. 


II.  A  Cork  may  be  Bored,  for  the  insertion  of  a  glass 
tube,"  by  gradually  pushing  through  it  a  sharply  pointed  and 
slender  round  file  with  a  constant  twisting  movement,  and 
then  enlarging  the  hole  with  the  file  to  the  necessary  size. 

The  Cork-borer,  which  is  a  brass  tube  sharpened  at  one 
end,  is,  however,  more  commonly  used. 

A  borer  must  be  selected  which  is  rather  less  in  size  than 
the  glass  tube  which  is  to  be  inserted  into  the  cork.  The 
cork  is  then  pressed  against  a  wooden  surface  or  grasped 
firmly  in  the  hand,  and  the  perforation  is  made  by  gently 
pushing  the  borer  through  it  with  a  constant  movement  of 
rotation  backwards  and  forwards  upon  its  axis  (fig.  15). 
Caution  and  practice  will  enable  the  student  to  make  a  clean 

straight  hole  without 
damaging  the  sur- 
rounding parts  of  the 
cork. 

In  making  a  single 
central  hole  through  a 
cork,  it  is  well  to  bore 
from  the  centre  of  one 
end  of  the  cork  half- 
way towards  the  other 
end,  and  then  reverse 
the  cork  and  bore  a  hole  to  meet  this  from  the  centre  of 
the  opposite  end.    In  this  way  a  hole  which  is  central  in 
position  throughout  the  cork  is  most  easily  obtained. 

A  slender  round  file  is  used  for  smoothing  the  sides  of  a 
hole  which  has  been  made  by  a  cork-borer,  or  for  slightly 
enlarging  it.  Great  care  must  be  taken  to  leave  the  hole 
round  in  shape,  and  not  to  enlarge  it  so  much  that  the  glass 

tube  fits  loosely. 

The  cutting  edge  of  the  cork-borer  is  sharpened  by  rubbing 


Boring  a  Cork. 


its 


inner  surface  with  a  round  file,  and  then  rubbing  the 
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outer  surface  obliquely  with  the  face  of  a  tiat  or  triangular 
file. 

Rubber  Stoppers  are  perforated  in  a  similar  manner  by  a  sharp 
borer  wliicli  is  either  partly  tilled  with  water,  or  is  moistened  with 
alcohol  or  glycerine. 


Fitting  the  Wash-bottle. 

12.  The  Wash-bottle. — A  thin,  Hat-bottomed,  conical  flask, 
about  eighteen  ounces  in  capacity,  and  not  less  than  an  inch  in 
diameter  in  the  neck,  should  be  fitted  as  is  shown  in  fig.  16. 

For  this  purpose  a  sound  cork  is  selected  which  is  slightly 
too  large  to  enter  the  neck  of  the  flask.  The  cork  is  softened 
by  rolling  it  backwards  and  forwards 
under  the  foot  with  gentle  pressure  : 
it  must  now  fit  tightly  into  the  neck 
of  the  flask. 

Two  pieces  of  glass  tubing,  rather 
longer  than  the  tubes  (a,  h),  are  then 
bent  (5)  into  the  form  shown  in 
fig.  16.  Their  ends  are  cut  off  to 
the  right  length,  and  the  sharp 
edges  are  rounded  by  holding  them 
in  the  Bunsen-flame,  or  by  rubbing 
them  with  the  face  of  the  file. 

Two  parallel  holes  are  then  bored 
through  the  cork,  with  a  proper 
sized  cork-borer  (ii)  or  by  means 
of  a  round  file.  The  holes  must  be 
somewhat  smaller  than  the  glass  tubes,  and  must  not  run 
into  one  another  or  to  the  outside  of  the  cork.  They  are 
smoothed  and  slightly  eidarged,  if  necessary,  by  means  of 
the  round  file. 

Into  these  holes  the  tubes  (a,  !>)  are  then  gently  pushed 
with  a  twisting  motion.  They  must  enter  somewhat  stiffly, 
but  without  requiring  much  pressure.  If  the  holes  have 
been  carelessly  made  too  large,  the  tubes  may  often  be  made 
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to  fit  by  slipping  upon  them  little  pieces  of  wetted  narrow 
india-rubber  tubing,  or  by  putting  the  wetted  pieces  of  india- 
rubber  tubing  into  the  holes  in  tlie  cork  before  the  glass 
tubes  are  pushed  in. 

A  Rubber  Stopper  is  much  nioie  durable  than  a  cork  for  this  and 
for  most  other  chemical  purposes.  It  may  be  purchased  with  two 
holes  already  made,  or  may  be  perforated  by  a  sharp  well-wetted 
cork-borer  (ll),  or  by  a  wetted  round  file.  Both  the  glass  tubes  and 
the  inside  of  the  holes  should  be  well  wetted  before  the  tubes  are 
pushed  in,  since  water  serves  as  a  lubricant  for  glass  against  india- 
rubber. 

Before  the  further  fitting  of  the  wash-bottle  is  proceeded 
with,  the  cork  with  the  tubes  is  inserted  into  the  neck  of  the 
fiask.  One  tube  is  then  closed  with  the  finger,  and  air  is 
blown  through  the  other  tube  into  the  flask,  so  as  to  produce 
pressure  in  its  interior.  The  cork  is  meanwhile  carefully 
watched  in  order  to  ascertain  whether  there  is  any  escape  of 
air.  A  leakage  is  as  a  rule  easily  heard ;  but  if  the  outside 
of  the  cork  is  Avetted  with  water,  any  escape  of  air-bubbles 
will  be  readily  seen. 

If  the  cork  is  air-tight,  a  piece  of  rubber  tubing,  about 
an  inch  in  length,  is  pushed  upon  the  upper  end  of  the 
tube  (a).  A  short  jet  (c),  which  has  been  made  by  drawing 
out  a  piece  of  glass  tubing  in  the  flame  (figs.  9,  12,  pp.  6,  8), 
is  fitted  into  the  other  end  of  the  rubber  tube.  The  narrow 
opening  of  the  glass  jet  may  be  contracted,  if  necessary,  by 
holding  it  in  the  flame  for  a  .short  time  and  shghtly  fusing 
the  edges  of  the  glass. 

If  the  wash-bottle  is  to  be  heated,  the  neck  of  the  fiask 
should  now  be  bound  round  with  twine  like  the  handle  of  a 
cricket  bat,  or  tightly  covered  with  a  folded  strip  of  flannel. 
The  neck,  when  thus  protected,  can  be  grasped  with  comfort 
even  after  water  has  been  boiled  in  the  flask  and  the  neck 
has  become  heated  by  steam. 

The  wash-bottle  is  now  filled  about  two-thirds  with  dis- 
tilled water,  and  is  ready  for  use. 

Tajy-ivater  should  never  be  kept  in  the  wash-bottle. 

A  fine  stream  of  water  may  be  obtained  from  the  jet  {<■), 
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by  blowing  down  tlie  tube  {h).  This  stream  serves  for 
washing  precipitates  and  for  other  purposes.  A  larger  stream 
may  be  obtained  by  inverting  the  flask,  when  the  Avater  will 
flow  out  from  the  end  of  the  tube  (b),  air  entering  moan- 
\vhile  by  the  tube  (a):  this  stream  can  be  made  to  issue 
wifcli  greater  force  and  speed  by  blown ig  down  the  tube  (a). 

When  hot  water  is  required,  the  wash-bottle  is  supported 
on  a  tripod-stand  upon  a  piece  of  coarse  iron-wire  gauze,  and 
is  heated  by  the  Bunsen-flamo  :  or  it  may  be  heated  by  the 
small  rietcher-burner  (fig.  3,  p.  3). 

When  Boiling  Water,  or  a  Liquid  which  gives  off  Vapour  or  Gas, 

is  used  in  the  wash-bottk\  a  special  stopper,  shown  in  fig.  17,  should 
be  fitted  into  the  neck  of  the  bottle,  in  order  to  pre- 
vent the  vapour  or  gas  from  entering  the  mouth.  FiG-  17. 

The  stopper  is  perforated  with  three  holes. 
Through  the  centre  hole  is  pushed  a  short  glass  tube 
(a),  whicli  terminates  just  above  and  just  below  the 
stopper. 

The  other  holes  carry  the  jet-tube  (b)  and  the  blow- 
tube  (f),  as  in  the  ordinary  wash-bottle.  The  lower 
end  of  the  blow-tube,  however,  is  fitted  with  a  valve, 
which  is  formed  by  slipping  over  it  a  piece  of  rubber 
tube  with  a  slit  cut  in  it  (f)  and  closed  below  by  a 
piece  of  glass  rod. 

While  the  wash-bottle  is  being  used  the  tube  {a)  is  1^,^,^^^ 
closed  with  the  finger,  and  air  is  blown  in  through  g^^^"  ."^^^^^ 
the  valve  (o).  The  valve  prevents  air  from  returning 
through  the  blow-tube  and  introducing  vapour  or  gas  into  the  mouth. 
When  the  stream  is  to  be  stopped,  the  finger  is  removed  from  the 
tube  (a),  and  the  pressure  of  air  in  the  interior  of  the  flask  is  thus 
released. 


Cleanin(!  Apparatus. 

It  is  indispensable  that  all  glass  and  porcelain  apparatus 
should  be  kept  scrupulously  clean,  and  before  the  student 
begins  his  work,  he  will  do  well  to  clean  his  set  of  apparatus 
as  is  directed  beloAV. 

13.  Test-tube  Brush.-This  brush  is  constantly  in  use  for 
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glass  and  porcelaiu  apparatus.  The  piece  of  sponge 
which  is  ordinarily  fastened  on  the  end  of  the  brush  (fig.  18 
a)  does  nofadapt  itself  well  to  the  bottom  of  test-tubes  and 
boihng-tubes.  A  much  more  efficient  end  is  given  to  the 
brush  by  removing  the  sponge  and  then  bending  back  the 
end  of  the  wire  stem  sharply  upon  itself  at  a  point  just  above 
where  the  hairs  commence  (fig.  18  &).  By  slightly  curving 
the  part  of  the  stem  carrying  hairs,  the  brush  wdl  better 
adapt  itself  to  curved  surfaces  such  as  those 
Fig.  18.  porcelain  dishes. 

14.  Test-tubes,  Beakers,   Funnels,  and 
Porcelain. dishes  are  washed  in  a  stream  of 
tap-water,  their  surfaces  being  rubbed  mean- 
while by  the  test-tube  cleaner  (fig.  18  h). 
The  brush  must  be  cautiously  moved  as  it 
approaches  the  bottom  of  a  test-tube  or  boil- 
ing-tube, since  the  glass  is  very  thin,  and  is 
therefore  easily  broken  by  undue  pressure. 
Test-Tube         Q^j^gg   funnels  should   have   their  stems 
Cleaner.  v.rithm  about  an  inch  from  the 

shoulder  (4),  and  the  sharp  outer  edge  thus  produced  should 
be  at  once  removed  by  rubbing  it  with  the  face  of  a  triangu- 
lar file  The  inside  of  the  shortened  neck  can  then  be  easily 
cleaned  by  rubbing  it  with  a  strip  of  wood ;  or  by  inserting 
an  ordinary  tobacco-pipe  cleaner  from  the  shoulder  of  the 
funnel  so  as  not  to  cut  the  hairs. 

Occasionally  the  cleaning  brush  fails  to  remove  strongly 
adherincr  stains.    Hot  dilute  hydrochloric  acid  will  remove 
most  such  stains ;  but  it  is  sometimes  necessary  to  heat  a 
little  strong  sulphuric  or  nitric  acid  in  a  vessel  m  order  to 
cleanse  it.    Hot  solution  of  caustic  potash  or  of  ammonia 
may  also  often  be  used  with  advantage  to  remove  grease. 
In  fact  when  a  substance  is  being  removed  from  a  vessel 
to  which  it  strongly  adheres,  it  is  well  to  consider  what 
the  substance  is,  and  then  remove  it  by  a  liquid  m  which  it 
is  easily  soluble.  -i , 

Apparatus  should  be  washed  as  soon  as  possible  alter  it 


15,  16.]       CLEANING  I'LATINUM  WIRE  AND  FOIL. 


15 


has  been  used,  .since  it  is  usually  more  difficult  to  cleanse 
the  surface  after  the  apparatus  has  stood  aside  for  some  time. 

Each  article,  after  it  has  been  carefully  washed,  and  then 
repeatedly  rinsed  out  Avith  tap-water,  should  be  placed  upside 
down  in  the  small  wicker-basket  to  drain.  If  it  is  required 
for  immediate  use  for  analysis,  it  should  be  rinsed  out  with 
a  httle  distilled  water.  The  removal  by  these  means  of 
washing-water  is  necessary,  because  tap-water  usually  con- 
tains dissolved  impurities. 

The  interior  of  flasks  and  bottles  is  often  most  conveniently  cleansed 
from  adherent  mattermcchanically  by  shaking  water  and  sand  ronnd 
in  the  interior.    Sawdust  or  shreds  of  i^aper  may  rejilace  the  sand. 

15.  Draining  Basket.— Before  apparatus  is  placed  in  the 
locker,  it  should  be  made  a  rule  to  wash  all  glass  and  porce- 
lain which  is  not  in  actual  use,  and  then  to  place  it  in  a  Avicker- 
basket  to  drain.  The  basket  is  then  put  away  with  its  con- 
tents.  Dirty  apparatus  should  never  be  kept  in  the  basket. 

All  iron  apparatus  should  be  carefully  dried,  and  must 
be  kept  in  a  dry  place  to  prevent  it  from  rusting.  Metal 
aj)j)aratns  must  never  he  imt  into  the  vnrlier  drainiiig-haslcet. 

16.  Platinum  foil  and  Platinum  Avire  are  cleansed  by 
boiling  them  in  hydrochloric  acid,  and  then  rinsing  off  the 
acid  with  water.  The  wire  should  then  be  strongly  heated 
for  some  time  in  the  bloAvpipe-flame,  until,  when  it  is  Avetted 
with  pure  strong  hydrochloric  acid  and  held  in  the  Bunsen- 
flame,  it  no  longer  persistently  colours  the  flame.  If  the  tip 
of  the  Avire  cannot  be  cleansed  in  this  Avay,  it  should  be  cut 
off.  Commercial  platinum  sometimes  persistently  colours 
the  flame  :  wire  made  from  such  platinum  is  useless  for  flame- 
coloration  tests  and  for  spectrum  analysis. 

Platinum-foil  and  wire  should  be  kept  in  a  small  beaker 
containing  strong  hydrochloric  acid  which  has  been  diluted 
Avith  sufficient  water  to  prevent  it  from  fuming.  When  the 
platinum  is  removed  from  the  acid  and  has°  been  rinsed 
with  water,  it  will  usually  be  found  to  be  clean,  and  to  crive 
no  colour  to  the  flame. 
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Heating  Glass  and  Porcelain. 

17.  A  few  general  Precautions  sliould  be  observed  in 
heating  glass  and  porcelain  vessels,  in  order  to  guard  against 
crackinf^  them.  The  Uxo  following  rnles  apply  to  both  glass 
and  porcelain  : — 

A  vessel  containing  a  liquid  must  never  be  heated  by  the 
flame  above  the  level  of  the  liquid  inside. 

A  dry  hot  vessel  must  be  allowed  to  cool  before  any  liquid 
is  poured  into  it,  and  before  it  is  placed  upon  a  cold 
surface. 

18.  Porcelain  Vessels  withstand  higher  temperatures  than 
glass  vessels,  and  are  not  so  liable  to  be  cracked  by  being 
suddenly  heated  or  cooled. 

Porcelain  Dishes  are  generally  used  for  the  purpose  of 
evaporating  liquids  to  dryness,  or  for  concentrating  them. 
They  are  supported  on  a  pipe-clay  triangle,  Avhich  is  placed 
upon  a  tripod-stand  or  a  retort-stand.  Porcelain  dishes  may 
be  safely  heated  by  a  small  naked  flame. 

Porcelain  Crucibles  are  used  for  strongly  heating  solid 
bodies.  Crucibles  are  supported  in  the  same  way  as  porcelain 
dishes.  The  flame  should  not  be  allowed  to  play  steadily 
upon  the  bottom  of  the  crucible  so  as  to  heat  it  suddenly  ; 
but  the  burner  should  be  constantly  moved  slightly  from  side 
to  side  until  the  porcelain  is  hot.  The  crucible  should  also 
be  allowed  to  cool  slowly  on  the  triangle,  since  contact  with 
a  cold  body  is  very  apt  to  crack  it.  The  hot  crucible  and 
cover  are  handled  by  the  crucible-tongs. 

19.  Glass  Vessels  require  to  be  Heated  more  cautiously 
than  porcelain  vessels.  A  large  naked  flame  must  never  be 
allowed  to  play  for  any  length  of  time  on  one  part  of  the  glass 
surface.  When  a  test-tube  or  boiling-tube  is  being  heated, 
this  local  heating  is  prevented  by  holding  the  tube  obliquely 
with  the  lower  part  in  the  flame,  and  either  moving  the  tube 
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slowly  up  and  down,  or  constantly  turning  it  round  on  its 
axis  (fig.  19). 

Test-tubes  and  Boiling-tubes. — Ordinary  test-tubes  are  too 
narrow  to  hold  safely  a  large  quantity  of  boiling  liquid,  since 
the  upper  portion  of  the  liquid  is  liable  to  be  projected 
from  the  tube  during  ebullition.  A  small  quantity  of  liquid 
may  be  boiled,  and  a  larger  quantity  may  be  heated  short  of 
boiling,  in  a  test-tube.  But  the  broader  boiling -tubes  are  to 
bo  preferred  when  a  liquid  is  to  be  boiled. 

Test-tubes,  or  boiling- tubes,  which  are  not  full  of  liquid, 
can  be  held  by  the  neck  while  they  are  being  heated.  They 
should  be  supported  in  an  oblique  position,  so  that  the  fingers 
are  not  over  the  fiame 
(fig.   19).    If  steam  or 
vapour    is   emitted  in 
quantity,  all  risk  of  burn- 
ing the  fingers  is  avoided 
by  bending  round  the 
neck  of  the  tube  a  strip 
of  folded  glazed  paper, 
or  of  leather,  and  pinch- 
ing the  ends  of  the  strip 
together,   close   to  the 
tube,  as  is  shown  in  tlie 
figure.    This  simple  de- 
vice serves  better  than 
any  metal  holder. 


Fig.  19. 


Holder  for  Heating  Tubic. 


It  is  dangerous  to  use  a  strip  of  unglazed  filter-paper,  since 
if  it  becomes  wetted  it  breaks  and  allows  the  tube  to  fall 
Crucible-tongs  must  never  be  used  for  holding  test-tubes. 

Glass  Flasks,  such  as  the  wash-bottle,  are  most  safely  heated 
by  placing  them  on  a  piece  of  wire-gauze  on  a  tripod-stand 
over  he  Lunsen-flamo  (i),  or  they  may  be  heated  over  the 
Jletcher-flame  (2,  fig.  .3).  In  some  laboratories  a  large  sand- 
bath  or  water-bath  (fig.  45,  88)  is  available ;  the  flask  may 
then  be  heated  by  the  hot  sand  or  by  the  steam. 
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PREPARATION  AND  PROPERTIES  OP 
CERTAIN  GASES  AND  LIQUIDS. 


General  Eemarks.  — In  this  Section  full  directions  are  given  for  the 
jireparation  of  some  of  the  more  important  gases,  and  for  certain  in- 
structive experiments  which  may  be  made  with  them.  The  processes 
of  preparation  and  of  manipulation  required  for  these  gases  are  more 
or  less  typical.  After  he  has  gained  experience  by  performing  these 
experiments,  the  student  will  therefore  easily  prepare  and  experi- 
ment upon  other  gases  from  the  brief  directions  which  are  given  here 
or  which  are  to  be  found  in  any  treatise  on  chemistry.  Two  examples 
of  the  process  of  distillation  are  also  aj)pended. 

Experiments  which  are  described  in  small  type  may  be  omitted  if 
time  is  limited,  but  the  description  must  be  carefully  read  through. 

For  convenience  in  reference,  paragrapli  numbers  arc  i)rinted  in 
thick  type  in  the  text  and  in  square  brackets  at  the  head  of  each  page. 

A  full  list  of  the  apparatus  and  chemicals  which  are  required  for 
this  Section  will  be  found  in  the  Seventh  Section.  The  desci-iption 
of  the  fitting  and  of  the  use  of  the  apparatus  has  been  already  given 
in  the  preceding  paragraphs  [1-19]. 

Directions  for  Working.— The  student  must  carefully  read  through 
the  whole  description  of  each  experiment  which  is  given  in  this  Sec- 
tion before  he  begins  to  perform  it.  ImmcdiaicJy  after  the  experi- 
ment has  been  successfully  performed,  a  brief  description  of  it  should 
be  entered  in  the  Note- Book.  Two  students  may  advantageously,  but 
not  necessarily,  work  together  through  this  Section.  In  the  subse- 
quent Sections,  however,  each  student  should  work  independently. 

Caution.— Strong  acids  arc  very  corrosive  liquids,  and  great  care 
must  be  taken  not  to  get  them  upon  the  skin,  the  clothes,  or  the  work- 
ing-bench. Should  any  strong  acid  get  upon  the  skin  or  the  bench, 
it  must  be  at  once  washed  off.  If  it  should  be  spilt  upon  the  clothes, 
the  part  must  be  immediately  wetted  with  ammonia  solution. 
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I  f  a  dilute  acid  has  remained  for  some  tinu'  on  the  clothes,  it  will 
l>roduce  a  red  stain.  This  may  be  removal  by  ammonia  solution, 
unless  it  has  been  caused  by  nitric  acid. 


Oxygen  gas. 

20.  Preparation  of  Oxygen  from  Mercuric  oxide.— 

When  iron  is  exposed  for  some  time  to  moist  air,  its  surface 
becomes  covered  with  rust.  Many  other  metals  undergo  a 
similar  change  in  moist  air,  but  the  alteration  thus  produced 
in  their  appearance  i.s  not  usually  as  noticeable  as  in  the  case 
of  iron.  The  liquid  metal  mercury  does  not  rust  at  ordinary 
temperatures  in  air ;  but  this  metal  becomes  sloMdy  covered 
with  red  mercury  rust,  when  it  is  strongly  heated  for  some 
time  in  a  llask  open  to  the  air.  This  mercury  rust  has  re- 
ceived the  name  of  mercuric  oxide.  The  fact  that  metals 
become  heavier  by  rusting  proves  that  something  is  added 
to  them  during  the  process.  This  is  confirmed  by  the 
following  experiment. 

ExPERiMBx\T  1.— Place  in  a  small  perfectly  dry  test-tube 
sufficient  mercuric  oxide  to  cover  the  bottom.  Heat  the 
powder  in  the  Bunsen-flame  (i),  covering  the  end  of  the 
tube  loosely  with  the  thumb,  as  is  shown  in  fig.  20.  As 
soon  as  small  drops  of  mercury  begin  to  appear  upon  the 
inside  of  the  tube,  remove  the  thumb,  and  quickly  insert 
into  the  tube  the  burning  end  of  a  thin  slip  of  wood.  The 
flame  will  be  seen  to  burn  more  brightly. 

Heat  the  powder  again  for  some  time  in  the  way  just 
described,  and  then  introduce  the  glowing  end  of  the  slip 
into  the  tube  immediately  after  the  flame  has  been  blown 
out.  The  glowing  end  will  burst  into  flame.  This  behaviour 
with  a  glowing  slip  of  wood  is  one  of  the  most  remarkable 
properties  of  oxygen  gas,  and  is  frequently  used  as  a  teM  for 
its  presence.    It  is  commonly  known  as  the  "spark  test." 

The  small  globules  of  mercury  on  the  inside  of  the  tube; 
may  be  made  to  unite  into  larger  ones  by  rubbing  the  surface 
with  a  glass  rod. 


20 


THE  SPAEK  TEST  FOR  OXYGEN. 


[20, 


Both  the  globules  of  mercury,  and  any  red  oxide  which 
remains,  should  be  preserved. 

The  chemical  change  which  has  occurred  is  thus  repre- 
sented by  a  chemical  equation  :  HgO  =  Hg  +  0. 

Since  heat  can  separate  mercuric  oxide  into  mercury  and 
oxygen,  the  rusting  of  mercury  evidently  consists  in  the 
metal  taking  oxygen  gas  from  the  air.  This  accounts  for  the 
increase  of  weight  which  the  metal  undergoes  while  it  is 

Fig.  20. 


Prepakation  of  Oxygen. 

rustinf^  If  all  metal-rusts  could  be  decomposed  by  heat, 
oxygen  might  be  obtained  in  the  manner  just  described  from 
any  one  of  them. 

The  above  method  of  making  oxygen  is  histructive,  and  it 
is  interesting  because  it  was  the  first  means  known  of  pre- 
parinc^  the  -as.  The  method  is,  however,  never  used  for  the 
preparation  of  large  quantities  of  oxygen,  since  other  sub- 
stances  are  known  which  contain  a  larger  proportion  of  oxy- 
gen and  which  give  it  off  when  they  are  heated  more  easily 
than  mercuric  oxide  does.  These  substances  arc  also  preferred 
on  account  of  their  greater  cheapness 
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21.  Preparation  of  Oxygen  from  Potassium  chlorate. — 

Potassium  chlorate  is  usually  emi)loyed  for  tho  preparation 
of  small  quantities  of  oxygen.  If  this  salt  is  heated  until  no 
more  gas  is  given  olf,  it  parts  with  the  whole  of  its  oxygen, 
as  is  shown  by  the  following  equation  :  KClOg  =  KCl  +  0.,. 

ExTERiMENT  2. — Heat  a  few  crystals  of  potassium  chlorate 
in  a  clean  dry  test-tube.  The  white  salt  decrepitates  or  crackles, 
and  then  fuses  or  melts.  When  the  liquid  salt  is  further 
heated,  it  appears  to  boil.  The  small  bubbles  which  are 
given  off  consist  of  oxygen  gas.  This  may  be  readily  proved 
by  holding  in  the  mouth  of  the  test-tube  a  burning  or  glow- 
ing sphnter  of  wood. 

22.  Preparation  of  Oxygen  from  Oxygen-mixture,  

Oxygen  gas  is  much  more  readily  expelled  by  heat  from 
potassium  chlorate  than  from  mercuric  oxide.  But  if  the 
chlorate  is  mixed  with  a  small  quantity  of  some  other 
suitable  substance,  its  oxygen  is  driven  off  by  heat  with 
extreme  facility.  iVfanganese  dioxide,  or  black  oxide  of 
manganese,  is  usually  chosen  for  mixture  with  the  chlorate. 
The  manganese  oxide  does  not  itself  seem  to  undergo 
any  permanent  change  in  the  process. 

Experiment  3.— Powder  finely  in  a  mortar  sufficient 
potassium  chlorate  to  fill  a  watch-glass.  :Mix  this  powder 
in  the  mortar  with  about  one-fifth  as  much  powdered  man- 
ganese dioxide.  Heat  a  small  quantity  of  this  mixture  in 
a  test-tube.  A  comparatively  gentle  heat  will  cause  the 
oxygen  to  l^e  rapidly  evolved,  and  the  gas  may  be  readily 
detected  by  the  "  spark-test  "  in  the  upper  part  of  the  test- 
tube. 

23.  Preparation  and  Collection  of  Oxygen.— In  the 

preceding  experiments  the  oxygen  has  been  detected  in  the 
test-tube  in  which  it  was  prepared,  and  has  been  allowed 
to  pass  away  freely  into  the  air.  When  the  gas  is  to  be 
collected  in  a  vessel,  the  ^ir  is  first  removed  from  the  vessel 
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by  filling  it  with  water,  and  the  gas  is  then  allowed  to  dis- 
place the  water. 

In  order  to  collect  the  gas,  a  bent  glass  delivery-tube  is  fitted 
by  means  of  a  cork  into  the  mouth  of  the  test-tube  (fig.  21). 
The  end  of  this  delivery-tube  is  immersed  in  water  imme- 
diately beneath  the  mouth  of  the  collecting  vessel,  which  has 
also  been  inverted  with  its  neck  in  the  water.  When  the 
test-tube  is  heated,  the  oxygen  escapes  from  the  end  of  the 
deUvery-tube,  and  passes  as  bubbles  into  the  collecting  vessel, 
gradually  displacing  the  water  from  it. 

This  process  of  colleeting  oxygen  is  fully  described  in  the 
following  experiment. 


Fio.  21. 


Prrpakatuin  .vm>  Collection  of  Oxygkn-. 


Experiment  4.— Select  a  sound  cork  which  is  somewhat 
too  large  to  fit  the  mouth  of  the  test-tube  to  be  used. 
Soften  it  by  squeezing  it,  or  by  roUing  it  on  the  floor  with 
gentle  pressure  from  the  foot.  The  cork  should  now  fit 
tightly  into  the  mouth  of  the  test-tube. 

Then  bend  (5)  a  piece  of  glass  tubing,  about  fourteen 
inches  in  length,  into  the  form  shown  in  fig.  21.  The 
bends  should  be  so  made,  that  when  the  apparatus  is  fitted 
together,  the  test-tube  is  at  a  convenient  height  for  being 
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heated  by  tlio  liame,  while  the  end  of  the  deUvery-tube  dips 
about  an  inch  under  the  water  contained  in  a  strong  stone- 
ware pan. 

Now  make  a  hole  through  the  centre  of  the  cork  (ll)  of 
such  a  size  that  the  glass  tube  fits  tightly  into  it.  Then  push 
the  glass  tube  into  the  cork  and  the  cork  into  the  test-tube, 
and  test  whether  the  apparatus  is  air-tight,  by  blowing  down 
the  open  end  of  the  delivery-tube,  ISTo  air  must  be  heard  to 
escape,  or  must  bo  seen  to  bubble  out  on  moistening  the  cork. 
If  air  does  escape,  a  fresh  cork  must  be  taken. 

Now  transfer  the  oxygen-mixture  (Exp.  3)  into  the  per- 
fectly dry  test-tube,  either  by  pouring  it  off  a  piece  of  paper 
folded  into  a  trough,  or  by  scooping  it  up  from  the  mortar 
with  the  mouth  of  the  test-tube.  Then  fit  in  the  cork  with 
the  delivery-tube. 

Before  the  test-tube  is  heated,  fill  the  jar,  in  which  the 
oxygen  is  to  be  collected,  with  water.  Close  its  mouth  with 
a  ground-glass  plate.  Then  invert  its  mouth  in  water,  three 
or  four  inches  in  depth,  contained  in  a  stoneware  pan  or 
bowl,  and  carefully  remove  the  glass  plate.  If  this  operation 
has  been  performed  with  proper  care,  the  jar  will  be  entirely 
filled  with  water,  and  no  air-bubble  will  remain. 

Next  proceed  to  heat  the  front  part  only  of  the  oxygen- 
mixture,  gradually  extending  the  heating  towards  the  hinder 
portion  as  the  evolution  of  gas  slackens. 

The  test-tubo  may  either  be  held  in  the  hand  or  may  be  supported 
by  a  clump  in  an  almost  horizontal  position.  The  end  containing  the 
mixture  should  be  somewhat  raised,  so  as  to  prevent  any  condensed 
moisture  from  trickling  back  upon  the  h(  ated  portion  and  cracking  it. 
A  small  flame  only  should  be  used,  in  order  to  prevent  any  part  of  the 
glass  from  being  too  suddenly  and  strongly  heated,  which  would  be 
liable  to  crack  or  melt  it.  The  llame  .should  also  at  lirst  be  slowly 
moved  from  side  to  side  for  the  same  reason. 

Oxygen  gas  will  soon  be  evolved,  but  it  will  not  at  once 
appear  at  the  end  of  the  delivery-tube,  since  it  has  first  to 
drive  out  the  air  which  filled  the  apparatus.  As  soon  as  the 
glowing  end  of  a  slip  of  wood  is  kindled,  when  it  is  held  at 
the  mouth  of  the  delivery-tube,  the  oxygen  has  driven  out 
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the  air  and  is  beginning  to  escape.  The  end  of  the  dehvery- 
tube  is  then  at  once  dipped  under  water  beneath  the  mouth 
of  the  jar,  and  the  stream  of  bubbles  Avill  rapidly  rise  in  the 
jar  and  displace  the  water. 

A  stoneware  beeliive-slielf  will  be  found  convenient  for  su])porting 
the  jar  in  the  bowl :  this  is  shown  in  fig.  24  (p.  29).  But  the  jar  may 
be  held  iu  the  hand. 

As  soon  as  the  jar  is  full  of  gas,  its  mouth  is  closed  under 
Avater  with  the  glass  plate,  and  it  is  removed  for  experiment. 
The  jar  may  also  be  removed  by  shpping  under  its  mouth  a 
small  dish  or  saucer ;  the  water  which  is  taken  out  in  the 
saucer  will  then  serve  to  close  the  mouth  of  the  jar. 

Three  jars  should  be  filled  with  oxygen  for  the  following 
experiments.  One  vessel  may,  however,  be  refilled  with  the 
gas  after  the  completion  of  each  experiment,  if  a  number  of 
jars  are  not  at  hand. 

If  at  any  time  the  gas  should  be  given  off  too  rapidly,  the  flame 
must  be  removed  until  the  current  of  gas  slackens.  The  hinder  por- 
tions of  the  mixture  should  be  heated  only  after  the  part  in  front  re- 
fuses to  yield  any  more  gas.  When  the  process  is  to  be  stopped,  the 
end  of  the  delivery-tube  must  be  removed  from  the  water  before  the 
gas  has  ceased  to  bubble  out;  and  tlie  hot  test-tube  must  not  be  allowed 
to  touch  cold  or  wet  objects,  whicli  would  crack  the  glass. 

24.  Combustions  in  Oxygen.— Oxygen  gas  is  remarkable 
for  the  energy  with  which  it  combines  with  or  burns  many 
heated  substances.  Three  examples  of  this  property  are 
given  in  the  following  experiments. 

Experiment  5.— Select  a  piece  of  wood-charcoal  about 
the  size  of  a  hazel-nut.  Place  this  in  a  metal  deflagrating- 
spoon.  Then  adjust  the  wire  handle  in  the  brass  cap,  so 
that  when  it  is  held  beside  the  jar  of  oxygen  with  the  cap 
on  a  level  with  its  mouth,  the  spoon  is  about  an  inch  from 
the  bottom  of  the  jar  (fig.  22). 

Now  heat  the  charcoal  in  the  Bunsen-flame  or  the  blow- 
pipe-flame (6)  until  a  part  of  its  surface  glows.  Then  quickly 
place  it  in  the  jar  of  oxygen  with  the  brass  plate  of  the  spooQ 
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Fig.  22. 


covering  the  mouth  (fig,  22).  The  charcoal  will  hum  much 
more  brilliantly  and  rapidly  than  it  does  in  air,  and  will 
convert  the  oxygen  into  carbon  dioxide 
gas:  C  +  Oo  =  CO.,. 

When  the  combustion  ceases,  pour 
into  the  jar  some  clear  lime-water  from 
a  small  beaker  or  test-tube.  Tlien 
quickly  close  the  jar  and  shake  the 
liquid  inside  it.  The  clear  lime-water 
will  become  milky.  This  indicates  the 
presence  of  carbon  dioxide  gas,  as  will 
be  hereafter  explained. 

Experiment  6, — Remove  the  char- 
coal from  the  deflagrating  spoon,  and 
replace  it  by  a  piece  of  sulphur  as  large 
as  a  pea.    Heat  the  spoon  in  the  flame 
until  the  sulphur  melts  and  begins  to 
burn  with  a  pale  blue  and  almost  in- 
visible flame.    Then  place  the  spoon  in 
a  fresh  jar  of  oxygen.     The  sulphur 
will  at  once  burn  with  a  much  brighter  flame,  converting 
the  oxygen  into  sulphur  dioxide  gas:  S-f-0.,  =  S0o.  The 
presence  of  this  gas  in  the  jar,  after  the  combustion  has 
ceased,  is  proved  by  its  sufl"ocating  smell. 

Pour  a  little  water  into  the  jar  and  shake  it  round ;  sul- 
phurous acid  will  at  once  be  formed.  This  acid  may  be 
recognised  by  dropping  into  the  water  a  piece  of  blue  litmus- 
paper,  which  is  immediately  reddened ;  also  by  pouring  in  a 
few  drops  of  red  potassium  dichromate  solution,  the  colour  of 
which  will  be  clianged  to  green. 

Experiment  7. — Kindle  any  sulphur,  which  may  remain 
in  the  deflagrating-spoon,  by  holding  the  spoon  in  the  Bunsen- 
flame.  As  soon  as  the  spoon  is  free  from  sulphur,  and  is 
again  quite  cold,  place  in  it  a  small  piece  of  carefully  dried 
phosphorus  not  larger  than  half  a  pea. 

The  phosphorus  may  be  cut  with  n  knife.  It  must  be  touched  only 
with  the  brass  tongs  or  with  wet  fingers.    Phosphorus  should  be 
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liandled  as  little  as  possible,  since  it  is  liable  to  be  kindled  by  the 
heat  of  the  hand,  and  it  then  causes  dangerous  wounds.  This  sub- 
stance should  always  be  kept  under  water,  and  should  only  be  dried 
immediately  before  it  is  used,  by  pressing  it  between  lilter-pa])er  or 
blotting-paper  or  with  a  dry  cloth. 

Set  fire  to  the  phosphorus  by  holding  the  spoon  in  the 
flame,  and  notice  that  it  burns  brilliantly  in  the  air.  Then 
place  the  spoon  in  a  jar  of  oxygen.  The  phosphorus  will 
burn  much  more  brilliantly.  A  white  substance,  called 
phosphoric  oxide,  is  the  product  of  combustion  both  in  air 
and  in  oxygen  :      +  O5  =  P2O5. 

When  the  phosphorus  has  ceased  to  burn,  pour  a  little 
water  into  the  jar  and  shake  it  round.  The  white  substance 
will  dissolve  in  the  water,  yielding  solution  of  phosphoric 
acid  :  P2O5  +  SH^O  =  ^HgPO^.  The  water  may  be  proved  to 
contain  the  acid  by  dropping  into  it  a  piece  of  blue  litmus- 
paper,  which  will  be  immediately  reddened. 

25.  Tests  for  Oxygen. — Unless  oxygen  is  largely  diluted 
with  other  gases,  it  is  easily  detected  by  introducing  into  it  a 
slip  of  wood  with  a  spark  at  the  end ;  the  spark  is  caused  to 
burst  into  flame.  This  test  only  serves  for  the  detection  of 
oxygen  in  a  mixture  when  its  proportion  in  the  mixture  is 
large. 

Mtrogeu  monoxide  gas  also  possesses  the  property  of 
kindling  a  spark  into  flame,  but  this  gas  is  readily  distin- 
guished from  oxygen  since  it  causes  a  greenish  halo  to  appear 
around  the  flame  thus  produced.  This  test  will  be  made 
Later  on  (Exp.  49,  p.  51). 

Another  test  for  uncombined  oxygen,  when  it  occurs  alone 
or  in  gaseous  mixtures,  depends  upon  its  power  of  colouring 
nitric  oxide  gas  reddish-brown.  This  is  a  most  characteristic 
and  trustworthy  test;  it  will  be  tried  later  on  (Exp.  27,  p.  39). 
The  test  serves  to  distinguish  oxygen  from  nitrous  oxide  gas, 
which  gives  no  colour  when  it  is  mixed  with  nitric  oxide. 

A  mixture  of  solutions  of  potassium  hydrate  and  pyrogallol 
is  coloured  l^rown  by  contact  with  oxygen  gas, 
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Nitrogen  gas. 

26.  Preparation  of  Nitrogen  from  Air. — Atmospheric  air 
consists  mainly  of  a  mixture  of  oxygen  with  nitrogen.  In 
order  to  remove  the  oxygen  and  obtain  tlie  nitrogen,  phos- 
phorus may  be  burnt  in  some  air  confined  over  water.  The 
phosphoric  oxide  thus  formed  is  allowed  to  settle  down  and 
ilissolve  in  the  water.  Tlie  volume  of  nitrogen  which  re- 
mains will  be  found  to  amount  to  four-fifths  that  of  the  air 
employed.  The  gas  may  be  shown  to  have  the  property  of 
extinguishing  a  flame. 


Fig.  23. 


PllKPAKATION  OF  NiTUOGEN  FROM  A  Hi. 

Experiment  8.  —  Place  a  small  piece  of  well-dried  phos- 
phorus in  a  little  dry  porcelain  dish  and  float  the  dish  upon 
some  water  in  a  pan.  Then  place  an  open  bell-jar  as  a  cover 
over  the  floating  dish,  immersing  the  mouth  of  the  bell- jar  in 
the  water,  and  allowing  it  to  rest  on  two  strips  of  sheet-lead 
which  have  been  laid  upon  the  bottom  of  the  pan  (fig.  23). 

Kindle  the  phosphorus  by  touching  it  with  the  end  of  a 
long  piece  of  wire,  or  of  a  glass  rod,  which  has  been  heated 
in  the  flame  and  then  pushed  down  through  the  neck  of  the 
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bell-jar.  Immediately  insert  the  cork  or  stopper,  and  hold 
down  the  jar  until  it  stands  steadily  by  itself. 

When  the  phosphorus  has  united  with  all  the  oxygen  of 
the  inclosed  air,  it  ceases  to  burn.  Water  will  then  gradu- 
ally rise  in  the  bell-jar,  as  the  heated  residual  gas  contracts 
by  cooling.  The  water  will  ultimately  rise  in  the  bell-jar 
and  fill  one-fifth  of  the  space  which  was  previously  occupied 
by  the  air. 

27.  Test  for  Nitrogen. — Now  pour  water  into  the  pan, 
until  it  stands  at  the  same  level  both  inside  and  outside  the 
bell-jar.  Remove  the  cork  or  stopper  and  introduce  a  burn- 
ing taper  or  strip  of  wood.  The  flame  will  be  at  once 
extinguished  by  the  nitrogen. 


Hydrogen  gas. 

28.  Preparation  of  Hydrogen  from  Hydrochloric  acid.— 

Water  consists  of  oxygen  combined  with  another  gas  called 
hydrogen.  Several  processes  are  known  for  preparing 
hydrogen  from  water.  Hydrogen  is,  however,  also  a  con- 
stituent of  all  acids,  and  it  is  most  readily  obtained  from 
certain  acids  by  the  action  of  metals  upon  them. 

Experiment  9.— Fit  the  necks  of  a  two-necked  Woulffe's 
bottle  with  perforated  corks,  one  of  which  bears  a  thistle- 
funnel  whose  end  reaches  nearly  to  the  bottom  of  the  bottle, 
and  the  other  a  bent  tube  terminating  just  below  the  cork 
(fig.  24).  Then  attach  a  bent  delivery-tube  to  this  tube  by 
means  of  a  short  piece  of  tightly-fitting  rubber  tubing. 

A  wide-necked  bottle,  fitted  as  is  shown  in  fig.  28  (p.  33),  may  be 
used  instead  of  the  AVonlife's  bottle. 

Put  into  the  bottle  sufficient  granulated  zinc  to  cover  the 
bottom,  and  replace  the  cork.  Then  ascertain  that  the 
apparatus  is  air-tight  by  closing  the  end  of  the  delivery-tube 
^nd  blowing  down  the  thistle-funnel.    Now  pour  water  in 
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through  the  funnel,  until  the  zinc  and  the  end  of  the  funnel- 
tube  are  covered ;  then  add  pure  strong  hydrochloric  acid 
gradually  (see  Caution,  p.  18).  Hydrogen  will  be  seen 
rising  from  the  zinc  in  numerous  small  bubbles:  Zn  +  2HC1  = 
H.,  +  ZnClo. 

29.  Collection  of  Hydrogen. — Dip  the  end  of  the 
delivery-tube  under  water  contained  in  a  pan,  and  allow 
the  gas  to  bubble  out  through  the  water  for  at  least  five 
minutes.  This  delay  in  collecting  the  gas  is  necessary  in 
order  to  give  the  hydrogen  time  to  remove  the  air  which 
filled  the  bottle. 


Fig.  24. 
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It  should  be  remembered  that  a  mixture  of  air  with 
hydrogen  burns  explosively  when  it  is  kindled.  The  freedom 
of  the  escaping  gas  from  air  should  therefore  be  ascertained  as 
follows.  Invert  a  test-tube  filled  with  water  over  the  end  of 
the  delivery-tube.  When  the  test-tube  is  full  of  gas  close  its 
mouth  with  the  tliuml),  and  remove  the  tube  from  the  water. 
Then  hold  its  open  mouth  to  a  flame.  If  the  gas  burns  with 
a  slight  explosion,  the  tube  must  be  filled  again  Avith  the  gas 
and  the  experiment  repeated. 

As  soon  as  the  gas  burns  quietly  within  the  test-tube,  a 
small  glass  cylinder  may  be  filled  with  water,  then  inverted 
in  the  pan  of  water,  and  filled  with  hydrogen  (fig.  21). 

During  the  further  preparation  of  gas  for  the  fuUuwin" 
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experiments,  it  will  be  found  occasionally  necessary  to  pour 
in  a  little  strong  hydrochloric  acid  through  the  funnel-tube, 
in  order  to  render  the  evolution  of  hydrogen  more  rapid. 

30.  Hydrogen  is  lighter  than  Air.    It  is  easy  to  show 
that  hydrogen  rises  in  the  air  in  the  following  way. 

ExpERiMKNT  10. — Hold  a  jar  of  hydrogen  for  a  short  time 
with  its  mouth  open  and  directed  upwards.  Then  introduce 
a  lighted  taper  into  the  vessel.  No  hydrogen  flame  will  be 
seen,  and  no  explosion  will  occur.  This  proves  that  the 
hydrogen  has  entirely  escaped  from  the  jar. 

Then  fill  the  cylinder  once  more  with  hydrogen,  and  hold 
it  for  a  short  time  with  its  mouth  downwards.  Now  push  up 
a  lighted  taper  into  the  jar.  The  hydrogen  will  burn  with  a 
pale  flame.  Note,  however,  that  the  gas  burns  in  this  case 
with  a  shght  report :  this  is  due  to  air  having  mingled  to 
some  extent  with  the  hydrogen  by  spontaneous  diffusion. 

Since  hydrogen  has  not  escaped  downwards,  while  it  has 
rapidly  escaped  upwards,  it  is  proved  to  be  lighter  than  air. 

31.  Collection  of  Hydrogen  by  Displacement. — Advan- 
tage is  often  taken  of  the  lightness  of  hydrogen  to  facilitate 
the  process  of  its  collection.  The  gas  is  allowed  to  directly 
replace  the  air  from  the  vessel  in  Avhich  it  is  to  be  collected. 
For  this  purpose  a  straight  delivery-tube  from  the  hydrogen- 
apparatus  is  passed  up  to  the  top  of  the  inverted  vessel. 
The  hydrogen  then  collects  in  the  upper  part  of  the  vessel, 
and  gradually  pushes  out  the  heavier  air. 

Experiment  11. — In  order  to  fill  a  jar  with  hydrogen  by 
this  process  of  direct  displace) nent,  quickly  replace  the  bent 
tube  in  the  cork  of  the  hydrogen  generator  by  a  straight  tube 
eight  or  nine  inches  in  length  (fig.  25).  Then  cause  a  brisk 
effervescence  of  gas  to  take  place  by  pouring  some  strong 
hydrochloric  acid  down  the  funnel-tube,  and  pass  the  delivery- 
tube  up  to  the  top  of  an  inverted  jar.  KWow  the  jar  to  remain 
in  this  position  for  several  minutes. 
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Fig.  25. 


The  mouth  of  the  jar  may  be  loosely  closed  by  a  piece  of  perforated 
metal  or  cardboard,  which  rests  upon  a  small  piece  of  india-rubber 
tubing  pushed  on  the  delivery-tube.  Tliis  will  liinder  the  spontaneous 
mixture  with  the  air,  or  diffusion,  which  occurs  when  the  hydrogen  is 
in  contact  with  the  air. 

32.  Hydrogen  is  Combustible  but  Extinguishes  Flame. 

Prove  this  by  means  of 
the  jar  which  has  just 
been  tilled  by  displace- 
ment, 

EXPEKLMBXT  12. — Ke- 
move  the  jar  (fig.  25), 
keeping  it  inverted,  and 
push  up  inside  it  a  burning 
Avax- taper  five  or  six 
inches  in  length.  The 
hydrogen  will  be  kindled, 
and  will  burn  Avith  a  pale 
liame  at  the  mouth  of  the 
jar;  but  the  flame  of  the 
taper  Avill  be  seen  to  be 
extinguished  by  the  gas.  The  taper  may,  however,  be 
rekindled  by  holding  its  end  in  the  hydrogen  flame  which  is 
burning  at  the  mouth  of  the  jar. 

33.  Hydrogen  forms  Water  when  it  is  Burnt  in  Air.— 

This  is  proved  by  burning  the  hydrogen  as  it  escapes  from 
the  apparatus,  and  then  condensing  the  steam  which  is 
formed  by  the  combustion  as  it  escapes  from  the  flame. 

P^XPERIMEXT  13.— Cover  the  generating  bottle  and  funnel- 
tube  with  a  cloth  in  order  to  prevent  danger  in  case  of  an 
explosion,  and  light  the  hydrogen  at  the  end  of  the  delivery- 
tube  (fig.  25).  Then  hold  over  the  flame  a  tumbler  or  beaker, 
which  is  perfectly  clean,  dry,  and  cool.  The  inside  of  the 
glass  will  become  dimmed  with  moisture.  This  shows  that 
when  hydrogen  burns  in  the  air,  it  is  uniting  with  oxygen 
and  producing  water  :       -f-  0  - 11^. 
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In  order  to  make  the  above  result  conclusive,  the  hydrogen  should 
be  dried  before  it  is  burnt,  since  it  will  always  contain  more  or  less 
vapour  of  water  derived  from  the  liquid  in  the  generator.  The  gas 
may  be  dried  or  desiccated  by  passing  it  through  some  substance  which 
readily  absorbs  moisture,  such  as  strong  sulphuric  acid  or  fragments 
of  solid  calcium  chloride.  A  straight  tube  containing  Irngments  ot 
calcium  chloride  (fig.  26  a\  or  a  U-tube  filled  with  pieces  of  pumice- 
stone  moistened  with  strong  sulphuiic  acid  (fig.  26  h),  may  be  con- 
nected with  the  hydrogen -apparatus  for  the  purpose  of  drying  the  gas. 
A  more  convenient  form  of  U-tube  is  shown  in  fig.  27. 


Fig.  26. 


Fig.  27. 


DiFFEKKNT  FOUMS  OF  DllYING-TUBES. 


34.  Explosion  of  a  Mixture  of  Hydrogen  and  Oxygen.— A  mixture 
of  hydrogen  with  half  its  volume  of  oxygen  liurns  with  violent 
explosion  when  it  is  kindled. 

Experiment  14.— Fill  a  short  thick-glass  cylinder  with  water, 
then  invert  it  in  a  pan  of  water.  Displace  one-third  of  the  water  in 
the  cylinder  with  oxygen  (23,  Exp.  4),  and  the  remainder  with 
hydrogen  (28,  Exp.  9).  Let  the  jar  stand  with  its  mouth  under 
water  for  five  or  six  minutes  in  order  to  allow  the  gases  to  mix.  Then 
raise  the  inverted  jar  and  apply  a  lighted  taper  to  its  mouth.  The 
mixture  of  gases  will  burn  rapidly  with  a  loud  explosion. 

35.  Tests  for  Hydrogen. — Hydrogen  gas  is  recognised  by 
burning  with  a  pale  flame  when  it  is  kindled  in  air  or  in 
oxygen.  The  flame  of  the  dried  gas  deposits  water  on  the 
inside  of  a  clean  cold  glass  vessel.  No  carbon  dioxide  is 
formed  during  the  combustion  of  the  gas  (38). 

When  hydrogen  is  mixed  with  half  its  volume  of  oxygen  j 
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or  with  a  corresponding  volume  of  air,  and  the  mixture  is 
kindled,  it  burns  explosively,  with  formation  of  moisture. 


Carbon  dioxidk,  or  Carbonic  anhydride  gas. 

36.  Preparation  of  Carbon  dioxide  from  Marble. 

When  carbon  is  burnt  in  oxygen  (24,  Exp.  5)  carbon 
dioxide  gas  remains  in  the  jar,  mixed  with  nitrogen.  This 
gas  is  easily  obtained,  unmixed  from  nitrogen  or  other  gases, 
by  pouring  hydrochloric  acid  upon  some  pieces  of  marble : 

CaC03  +  2HC1  =  CO.  +  H,0  +  CaClg. 

Chalk  or  limestone  may  be  substituted  for  marble,  but  it  will 
usually  froth  and  give  off  the  gas  too  rapidly. 

Experiment  15. — Rinse  out  the  hydrogen  apparatus  (fig.  24, 
p.  29),  or  fit  up  a  special  bottle  (fig.  28), 
and  place  in  it  some  small  pieces  of  Fig-  28. 

marble.  Push  into  the  rubber  joint  a 
delivery-tube  bent  at  right  angles  (5), 


as 


is  shown  in  fig.  28,  Then 
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through  the  funnel-tube  sufHcient  water 
to  cover  the  marble  and  the  end  of  the 
funnel-tube,  and  add  strong  commercial 
hydrochloric  acid  until  the  gas  comes  off 
with  brisk  effervescence.  Place  the  de- 
livery-tube in  a  dry  jar,  with  its  end  nearly 
touching  the  bottom,  and  allow  the  gas 
to  pass  into  the  jar  for  several  minutes. 

Carbon  dioxide  is  much  heavier  than 
air,  and  it  will  therefore  soon  fill  the  jar  by  displacement ; 
that  is  to  say,  the  gas  which  constantly  passes  to  the  lower 
part  of  the  jar  will  remain  there,  and  will  gradually  lift  out 
the  air. 

This  gas  has  the  property  of  extinguishing  a  flame,  and 
it  is,  therefore,  easy  to  ascertain  when  the  jar  is  full,  by 
holding  a  lighted  taper  just  inside  its  mouth :  if  the  flame 

C 
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is  extinguished,  the  carbon  dioxide  is  shown  to  have  reached 
the  top  of  the  jar. 

It  is  well  to  prevent  diffusion  by  covering  the  mouth  of  the 
jar  with  a  small  disc  of  cardboard,  which  has  had  a  slit  or 
hole  cut  in  it  for  the  delivery-tube. 

Carbon  dioxide  is  largely  dissolved  by  water ;  hence  this 
process  of  collecting  it  by  direct  displacement  is  preferred  to 
collection  over  water,  which  would  entail  some  loss  of  gas. 

37.  Carbon  dioxide  is  Heavier  than  Air.    Prove  that  it 
tends  to  fall  in  the  air  in  the  following  manner. 

Experiment  16.— Allow  a  jar  of  carbon  dioxide  to  stand 
uncovered  with  its  mouth  upwards  for  a  few  minutes.  Then 
introduce  a  burning  taper  into  the  jar  :  the  flame  will  be 
immediately  extinguished.  This  proves  that  the  carbon 
dioxide  is  still  present  in  the  jar. 

Now  hold  the  jar  for  several  minutes  with  its  mouth 
downwards,  and  test  with  a  lighted  taper;  the  flame  of  the 
taper  will  continue  to  burn  inside  the  jar,  showing  that  the 
carbon  dioxide  has  been  replaced  by  air. 

These  experiments  prove  that  carbon  dioxide  is  heavier 
than  air,  since  it  has  remained  in  the  vessel  which  is  open 
above,  and  has  fallen  out  of  the  one  which  is  open  below. 

Experiment  17.— As  this  gas  is  much  heavier  than  air,  it 
29  can  be  poured  like  water  from  one 

'  vessel  into  a  second  vessel  which 

(f n  ]\         is  full  of  air. 

A  jar  full  of  carbon  dioxide  is 
gradually  tilted  a  little  beyond  the 
horizontal  position,  with  its  mouth 
over  that  of  a  small  beaker  (fig. 
Pouring  out  Caebon      ^9).    After  the  jar  has  been  held 

in  this  position  for  a  short  time, 
it  may  be  shown  by  means  of  a  lighted  taper  that  the  gas 
has  left  the  jar  and  is  present  in  the  beaker. 

38.  Carbon  dioxide  turns  Lime-water  milky.— This  is 
the  usual  test  for  detecting  the  presence  of  the  gas. 
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Experiment  18. — Pour  some  lime-water  from  a  test-tube 
or  small  beaker  into  a  jar  of  carbon  dioxide,  and  shake  the 
liquid  round  in  the  jar.  The  lime-water  will  at  once  become 
milky. 

The  lime,  which  was  dissolved  in  the  water  and  was  there- 
fore invisible,  has  been  converted  by  the  carbon  dioxide  into 
chalk  or  calcium  carbonate ;  and  this,  being  an  insoluble  sub- 
stance, remains  mixed  as  a  white  powder  or  precipitate  with 
the  water  :  CaHp^  -f-  CO^  =  CaCOg  -f-  Up. 

39.  Carbon  dioxide  dissolves  in  Cold  Water,  and  is 
removed  by  Boiling  the  Water.  The  solution  of  the  gas 
probably  contains  carbonic  acid :  CO2  +  HgO  =  HgCOg. 

The  solubility  of  the  gas  in  water,  and  its  removal  from 
solution  by  boihng  the  water,  may  be  proved  as  follows. 

Experiment  19. — Carbon  dioxide  is  made  to  displace  the 
air  from  a  jar  which  has  been  previously  half  filled  with 
cold  water  (fig.  28).  The  mouth  of  the  jar  is  then  tightly 
closed  with  the  wetted  palm  of  the  hand,  and  the  gas  and 
water  are  shaken  together  vigorously  for  a  short  time.  The 
mouth  of  the  jar  will  now  firmly  adhere  to  the  hand,  owing 
to  the  reduction  of  the  pressure  of  the  gas  caused  by  its 
absorption  by  the  water. 

Experiment  20. — A  further  proof  of  the  solubihty  of 
carbon  dioxide  is  afforded  by  dipping  the  end  of  the  delivery- 
tube  (fig.  28)  to  the  bottom  of  a  small  beaker  containing 
water,  so  as  to  cause  the  gas  to  bubble  through  the  liquid. 
After  the  bubbles  have  passed  through  the  water  for  several 
minutes,  a  few  drops  of  the  liquid  may  be  poured  into  a  test- 
tube  containing  lime-water ;  the  lime-water  will  immediately 
become  milky. 

If  a  little  blue  litmus  solution,  or  a  piece  of  blue  litmus- 
paper,  is  dropped  into  another  part  of  the  carbonic  acid  solu- 
tion, the  litmus  will  become  red,  indicating  the  presence  of 
an  acid.    Preserve  this  portion  of  the  liquid  for  Exp,  21. 

The  liquid  which  contains  carbonic  acid  will  be  found  to 
possess  a  taste  resembling  that  of  soda-water.    In  fact,  soda- 
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water  is  merely  water  which  has  been  made  to  dissolve  a  large 
quantity  of  carbon  dioxide,  by  shaking  up  the  water  with  the 
gas  under  pressure.  By  testing  soda-water  with  lime-water  and 
with  htmus,  it  may  be  readily  shown  to  contain  carbomc  acid. 

Experiment  21.— Heat  some  of  the  water  which  contains 
carbonic  acid  (Exp.  20)  in  a  test-tube  until  it  boils.  As  soon 
as  the  heat  is  apphed,  bubbles  of  gas  will  rise  m  the  water; 
and  after  it  has  been  boiled  briskly  for  several  minutes  the 
liquid  may  be  proved  to  be  free  from  carbonic  acid  by  test- 
iucT  it  with  lime-water  and  with  litmus.  ^ 

The  reddened  litmus  in  the  carbonic  acid  solution,  which 
was  put  by  from  a  previous  test  (Exp.  20),  will  also  become 
blue  when  the  solution  is  boiled. 

These  experiments  prove  that  carbon  dioxide  may  be 
completely  expelled  from  water  by  boiling  the  hquid  for 
some  time. 

40  Calcium  carbonate  dissolves  in  Carbonic  acid  solu- 
tion, and  is  Precipitated  by  Boiling  the  liquid. 

Experiment  22.— Dilute  some  lime-water  in  a  small 
beaker  with  about  an  equal  measure  of  distilled  water,  and 
allow  carbon  dioxide  gas  to  bubble  through  the  hquid. 
Milkiness  will  be  produced  at  first,  owing  to  the  formation 
of  calcium  carbonate.  But  if  the  gas  is  allowed  to  pass  for 
several  minutes  through  the  hquid,  the  milkiness  will  gradu- 
ally disappear,  showing  that  calcium  carbonate  is  soluble  m 

carbonic  acid.  .    ■,  •,  i  i!  if 

When  this  clear  liquid,  however,  is  boiled  for  a  short 
time  it  will  become  milky  again,  because  the  chalk  can  no 
longer  remain  dissolved  after  the  carbonic  acid  has  been 

removed  (Exp.  21). 

When  the  water  is  poured  out,  part  of  the  calcium  car- 
bonate will  be  seen  adhering  to  the  inside  of  the  tube  ;  it 
may  be  readily  removed  by  rinsing  out  the  tube  with  a  little 

hydrochloric  acid.  ■  ■      .  ^^ 

The  above  experiment  explains  the  origin  of  the  coating 
or  incrudation  which  may  be  seen  inside  kettles  and  steam- 
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boilers,  in  which  hard  chalk- water  has  been  boiled  for  some 
time.  Such  water  contains  chalk  dissolved  by  carbonic  acid ; 
this  acid  is  removed  when  the  water  is  boiled,  and  a  great 
part  of  the  chalk  is  deposited  upon  the  inside  of  the  vessel. 

41.  Tests  for  Carbon  dioxide. — The  presence  of  carbon 
dioxide  gas  may  be  detected  by  its  power  of  extinguishing 
a  burning  taper,  and  of  turning  lime-water  milky.  The 
latter  test  distinguishes  it  from  nitrogen  and  from  certain 
other  gases  which  extinguish  flame. 

Detection  of  Carbon  Dioxide  in  the  Breath,  from 
a  Flame,  and  in  the  Air, — The  above  tests  may  be  em- 
ployed to  prove  that  carbon  dioxide  is  evolved  from  the 
lungs  during  the  process  of  respiration,  and  also  that  it  is 
produced  by  an  ordinary  flame.  The  gas  is,  therefore,  being 
constantly  introduced  into  the  air,  and  it  may  always  be 
detected  in  the  air  by  the  lime-water  test. 

Experiment  23. — Invert  a  jar  filled  with  water  in  a  pan 
of  water,  and  blow  the  breath  up  into  the  jar  through  a  glass 
tube,  one  end  of  which  is  dipped  beneath  the  mouth  of  the  jar. 

In  order  to  obtain  air  from  the  lungs,  take  a  full  breath ; 
then  expel  the  greater  part  of  the  breath,  so  as  to  replace  the 
air  contained  in  the  windpipe  and  mouth  by  air  from  the 
lungs.  Allow  the  remainder  of  the  breath  to  bubble  up  into 
the  jar, 

Now  close  the  jar,  remove  it  from  the  pan,  and  introduce 
into  it  a  lighted  taper :  the  flame  Avill  be  immediately  extin- 
guished. 

Fill  another  jar  in  the  same  way  and  shake  up  lime-water 
in  it.  Also  blow  the  last  part  of  the  breath  through  a  glass 
tube  into  lime-water  contained  in  a  small  beaker.  The 
lime-water  will  become  milky  in  each  case. 

Experiment  24. — Light  a  small  piece  of  candle  or  wax- 
taper  upon  a  deflagrating-spoon,  and  place  it  in  a  bottle  of 
air,  the  mouth  of  which  is  closed  by  the  brass  plate  of  the 
spoon  (fig.  30). 
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Fig.  30. 


The  flame  will  burn  for  a  short  time  and  will  then  be  extin- 
guished.   If  the  candle  is  relighted  and  replaced  m  the  bottle, 

the  flame  will  be  immediately  ex- 
tinguished. The  extinction  of  the 
flame  is  due  to  the  presence  of 
carbon  dioxide,  and  to  the  reduction 
of  the  amount  of  free  oxygen  in 
the  air,  which  result  from  the  com- 
bustion of  the  candle. 

Now  pour  some  Hme- water  from 
a  small  beaker  into  the  bottle  and 
shake  the  liquid  round.  It  will 
become  milky. 

A  similar  experiment  may  be 
performed  by  inverting  the  bottle 
over  a  small  gas-flame,  closing  the 
mouth  of  the  bottle  with  a  glass 
plate  as  soon  as  the  flame  is  ex- 
tinguished, and  then  shaking  lime- 

The  hme-water  will  become  milky, 
water  m  uu«  uuuux^.     j-ue  '^'^^^^         ,  ,  x,  +• 

proving  that  carbon  dioxide  is  produced  by  the  combustion 

of  coal-gas. 

Experiment  25.— Pour  some  clear  lime-water  into  a  watch- 
class  or  clock-glass,  and  allow  it  to  stand  for  a  few  minutes 
exposed  to  the  air.  A  film  of  calcium  carbonate  will  gradu- 
ally form  on  the  surface  of  this  liquid  and  render  it  dull : 
the  film  will  be  broken  up  into  white  flakes  when  the  water 
is  stirred.  This  proves  the  presence  of  carbon  dioxide  m 
the  air.   


Gamble  in  Closed 
Bottle. 

water  in  the  bottle. 


Nitric  oxide  gas. 

^  Preparation  of  Nitric  oxide  from  Nitric  acid  -This  gas 
xna^'be  prepared  by  the  action  of  diluted  nitric  acid  on  copper  : 
3Cii  +  8HNO3  =  2N0  +  3Cu(N03)2  +  4H2O. 

FXPFRIMENT  26.-Cleanse  the  apparatus  which  has  been  already 
usfd  for  the  preparation  of  hydrogen  (28,  Exp.  9),  place  some  copper 
cuppings  or  turnings  in  it,  and  pour  in  water  until  the  end  of  the 
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funnel-tube  is  covered.  Then  add  strong  commercial  nitric  acid 
gradually  (see  Caution,  p.  18),  until  a  reddish-brown  gas  appears 
inside  the  bottle.  Allow  this  gas  to  bubble  olT  through  water.  After 
a  short  time  the  colour  will  almost  entirely  disappear,  and  a  colourless 
gas  may  then  be  collected  over  water  in  the  same  way  as  hydrogen 
gas  was  collected  (29). 

43.  Test  for  Nitric  oxide. — Nitric  oxide  is  colourless:  but  when  it 
is  mixed  with  free  oxygen,  nitric  oxide  is  converted  into  reddish-brown 
nitrogen  peroxide. 

ExPKRiMENT  27.— Invert  ajar  filled  with  water  in  water,  and  fill  it 
with  nitric  oxide  gas.  Then  either  pass  oxygen  up  into  it,  or  remove 
the  jar  from  the  water  and  allow  it  to  stand  with  its  mouth  open  to 
the  air.  The  entrance  of  the  oxygen,  or  of  the  air,  into  the  nitric  oxide 
will  at  once  produce  a  reddish-brown  colour. 

The  origin  of  the  coloured  gas  which  was  seen  in  the  preparation- 
bottle  in  Exp.  26  is  now  explained.  The  bottle  was  at  first  filled  with 
air  ;  as  soon  as  the  first  portions  of  the  nitric  oxide  gas  were  pro- 
duced, they  therefore  mingled  with  the  free  oxygen  of  the  air,  and 
formed  nitrogen  peroxide. 

This  coloured  gas  is  produced  as  long  as  any  free  oxygen  remains 
in  the  bottle.    The  coloured  gas  is  rapidly  dissolved  by  water. 


Ozone  gas. 

44.  Preparation  of  Ozone  from  Air, — Oxygen  is  converted  by  the 
influence  of  electricity  into  a  gas  known  as  ozone.  When  certain 
processes  of  oxidation  are  being  effected  by  free  oxygen,  the  oxygen  is 
also  partially  converted  into  ozone.  Ozone  has  a  peculiar  smell,  and 
possesses  other  properties  which  distinguish  it  from  oxygen.  Since, 
however,  ozone  can  be  made  from  oxygen,  and  can  be  reconverted  into 
oxygen,  without  any  change  of  weight  occurring,  ozone  is  only  altered 
or  allotropic  oxygen.  The  preparation  of  ozone  by  the  spontaneous 
oxidation  of  phosphorus  in  the  air  is  described  below.  If  economy 
of  time  and  trouble  is  an  object,  the  student  may  simply  read  through 
Exp.  28  and  may  then  at  once  proceed  to  try  Exps.  29  and  30. 

Experiment  28. — Clean  the  apparatus  which  was  used  for  pre- 
paring nitric  oxide  (43,  Exp.  26),  and  replace  the  rubber  joint  and  the 
bent  delivery-tube  by  a  test-tube,  the  bottom  of  which  has  been  drawn 
out  into  an  open  nozzle  (fig.  31).  The  joint  may  be  made  by  a  piece 
of  rubber  tube  or  by  a  perforated  cork. 

Now  place  in  this  tube  a  stick  of  phosphorus,  about  an  inch  in 
length  :  and  pour  water  slowly  in  througli  the  funnel-tube  so  as  to 
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drive  the  air  from  the  interior  of  the  bottle  over  the  phosphorus  and 
out  through  the  nozzle. 

The  escaping  air  will  be  found  to  have  the  peculiar  smell  of  ozone, 

showing  that  the  oxygen  of  the  air 
Fig.  31.  lias  been  partly  converted  into  ozone 

by  contact  with  the  phosphorus. 

45.  Test  for  Ozone.  —  Ozone  is 
detectable  by  its  smell.  But  it  can 
also  separate  iodine  from  potassium 
iodide  :  and  this  reaction  serves  as 
a  confirmatory  test  for  the  gas.  The 
presence  of  the  iodine  thus  liberated 
is  most  readily  indicated  by  its 
power  of  turning  starch  solution 
blue. 

PUEPAKATION  OF  OzONE.  EXPERIMENT  29.  -  Stir  a  little 

starch-powder  with  some  cold  water, 
and  pour  this  gradually  into  some  water  which  is  boiling  briskly  in  a 
small  porcelain  dish  :  then  cool  the  liquid.  Mix  a  few  drops  of 
potassium  iodide  solution  with  part  of  this  starch-solution  in  the 
porcelain  dish,  and  moisten  a  strip  of  filter-paper  with  this  liquid. 
The  paper  thus  prepared  will  serve  to  detect  ozone  ;  since  the  iodine, 
which  is  separated  by  this  gas  from  the  potassium  iodide,  will  strike 
an  intense  blue  colour  with  the  starch.  Prove  this  by  lotting  the 
stream  of  ozonised  air,  prepared  as  is  directed  above  (Exp.  28),  impinge 
upon  this  test-paper.  If  the  air  fails  to  turn  the  paper  blue,  repeat  the 
experiment  according  to  the  directions  given  below  (Exp.  30). 

ExPEPaMENT  30.— Occasionally  it  will  be  found  difficult  or  impossible 
to  obtain  the  ozone  reaction  with  the  apparatus  described  in  Exp.  28. 
The  method  of  experiment  should  then  be  modified  by  placing  a  few 
pieces  of  phosphorus  at  the  bottom  of  a  small  glass  flask,  and  hanging 
a  strip  of  the  moist  ozone  test-paper  (Exp.  29)  inside  the  flask.  The 
neck  of  the  flask  is  then  closed  by  a  watch-glass,  and  the  test-paper 
is  observed  at  intervals.  In  a  period,  which  may  vary  from  about  five 
to  twenty  minutes,  the  change  of  colour  indicative  of  the  production  of 
ozone  will  take  place  in  the  test-paper. 


Hydrogen  sulphide  gas. 
46.  Preparation  of  Hydrogen  sulphide. — This  gas  is  often  called 
sulphuretted  hydrogen. 

Experiment  31.— It  may  be  prepared  in  the  apparatus  which  was 
used  for  the  preparation  of  carbon  dioxide  (36,  Exp.  15),  and  may 


PREPARATION  OF  AMMONIA. 


41 


be  collected  by  downward  disi)lacemeut.  Small  pieces  of  fcrrous 
sulphide  are  introduced  into  the  cleansed  apparatus,  and  diluted 
hydrochloric  acid  is  poured  upon  them  through  the  funnel- tube  : 
FoS  +  2HCl  =  H.S  +  FeC]o. 

The  gas  is  very  poisonous,  and  has  a  foul  smell ;  it  must  therefore 
be  prepared  in  the  draught-closet.  A  mixture  of  this  gas  with  air 
burns  explosively  when  it  is  kindled. 

The  gas  should  if  possible  be  collected  from  the  general  laboratory 
apparatus,  which  is  placed  in  a  suitable  draught-closet. 

47.  Tests  for  Hydrogen  sulphide. — Hydrogen  sulphide  is  recog- 
nised by  its  peculiar  and  offensive  smell,  by  its  power  of  converting  a 
colourless  salt  of  lead  into  brown  lead  sulphide,  and  by  forming  pun- 
gent sulphur  dioxide  wlien  it  is  burnt. 

Exi'F.uiMENT  32.  —  Moisten  a  piece  of  filter-paper  with  lead  acetate 
solution,  and  expose  the  paper  to  the  gas  :  it  will  become  dark  brown. 

Burn  the  gas  in  a  glass  cylinder  and  at  once  close  the  cylinder  with 
a  glass  plate.  Note  the  deposition  of  yellow  sulphur  on  the  inside  of 
the  glass  ;  this  is  due  to  the  supply  of  oxygen  being  insufficient  to 
secure  the  complete  combustion  of  the  gas.  Slip  aside  the  glass  plate 
for  a  moment,  and  pour  in  quickly  some  water,  which  has  been  faintly 
coloured  with  potassium  dichromate  solution.  Shake  this  liquid  about 
in  the  jar.  The  colour  of  the  liquid  will  change  to  green,  showing 
that  sulpliur  dioxide  is  present.  This  gas  is  thus  proved  to  be  a  pro- 
duct of  the  combustion  of  hydrogen  sulphide. 


Ammonia  gas. 

48.  Preparation  of  Ammonia  from  Ammonium  chloride. 

— The  pungency  of  cominon  Smelling-><alts  is  due  to  the 
ammonia  gas  which  is  constantly  escaping  from  solid  Car- 
bonate of  ammonia. 

The  gas  is  evolved  much  more  rapidly  if  either  Carbonate 
of  ammonia,  or  Sal  ammoniac,  is  mixed  with  slaked-lime, 
and  the  mixture  is  then  gently  heated. 

Experiment  33. — Powder  a  little  ammonium  chloride  or 
Sal  ammoniac  in  a  mortar,  and  mix  with  it  about  an  equal 
quantity  of  finely  powdered  slaked-lime.  Ammonia  gas 
will  be  evolved  from  this  mixture,  and  may  be  readily 
detected  by  its  pungent  smell : 

2NH,C1  +  CaH202  =  2NH3  +  CaCl^  +  2H2O  . 
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49.  Preparation  of  Ammonia  from  Solution  of  Ammonia. 

—Ammonia  gas  is  readily  expelled  from  its  solution  in  water 
by  means  of  heat.  This  forms  a  convenient  method  of 
obtaining  the  gas. 

Experiment  34.— Pour  some  strong  solution  of  ammonia 
{Liquor  Ammoniae  Fortissima)  into  a  small  flask  (fig.  32), 
until  the  flask  is  about  one-quarter  filled.  Close  the  neck 
of  the  flask  with  a  tightly-fitting  perforated  cork,  into  which 

a  straight   piece  of  glass 
32-  tube,  eight  or  nine  inches 

long,  has  been  fitted.  Then 
place  the  flask  upon  a  piece 
of  wire-gauze  on  a  tripod- 
stand,  and  heat  it  gently  by 
a  small  flame. 

Ammonia  gas  will  at  once 
escape  from  the  liquid  with 
effervescence,  and  will  issue 
from  the  end  of  the  tube. 

Since  ammonia  is  much 
lighter  than  air  and  is  very 
soluble  in  Avater,  it  should 
be  collected  in  a  inrfedly 
dnj  jar  by  the  direct  dis- 
placement of  the  air.  The 
jar    is   conveniently  sup- 
ported over  the  delivery- 
tube  by  passing  it  through  the  ring  of  a  retort-stand,  and 
allowing  its  mouth  to  rest  upon  a  cardboard  disc,  which  is 
supported  on  a  ring  of  india-rubber  tubing  sHpped  upon  the 
dehvery-tube  (fig.  32). 

In  order  to  ascertain  when  the  vessel  is  filled  with  the 
gas,  it  is  only  necessary  to  hold  at  the  mouth  of  tlie  jar 
a  piece  of  red-litmus  or  yellow  turmeric-paper.  If  the 
ammonia  has  filled  the  jar,  it  will  change  the  colour  of 
the  litmus  to  blue  and  that  of  the  turmeric  to  reddish- 
brown. 


Peepakatiok  and  Collection 
OF  Ammonia. 
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50.  Combustion  of  Ammonia. — Ammonia  gas  does  not 
burn  continuously  in  cold  air,  but  it  burns  readily  in  strongly 
heated  air  or  in  oxygen  gas. 

Experiment  35. — Bring  a  Bunsen  gas-flame  close  to  the 
end  of  the  delivery-tube  (fig.  32),  from  which  a  stream  of 
ammonia  is  issuing.  A  pale  yellowish-green  flame  of  burning 
ammonia  will  be  seen  at  the  end  of  the  tube  as  long  as  the 
air  around  is  heated  by  the  flame. 

If  the  ammonia  is  kindled,  as  the  end  of  the  delivery-tube 
is  pushed  up  into  a  jar  of  oxygen,  the  ammonia  will  also 
continue  to  burn  in  the  oxygen. 

51.  Solubility  of  Ammonia  in  Water. — Ammonia  is 
extremely  soluble  in  water,  and  must  therefore  be  collected 
either  by  displacement  or  over  mercury.  For  this  reason  the 
inside  of  a  vessel  in  which  ammonia  is  to  be  collected  should 
always  be  perfectly  dried,  in  order  to  prevent  loss  of  the  gas 
from  occurring  by  its  absorption  by  the  moisture.  The 
solubility  of  ammonia  in  water  may  be  proved  by  the  follow- 
ing experiments. 

Experiment  36. — Place  a  jar  filled  with  ammonia  mouth 
downwards  in  a  vessel  of  water,  and  gently  shake  the  jar  so 
as  to  agitate  the  water  at  its  mouth.  The  liquid  will  rapidly 
absorb  the  gas,  and  will  rise  in  the  jar  until  it  fills  the  space 
which  was  occupied  by  the  ammonia.  A  small  part  of  this 
space,  however,  frequently  remains  filled  with  air.  This  air 
had  become  mixed  with  the  ammonia  during  the  process  of 
charging  the  jar. 

Experiment  37. — Pour  a  little  water  rapidly  from  a  small 
beaker  into  a  jar  of  ammonia  gas,  and  at  once  cover  the  jar 
with  a  glass  plate  or  with  the  hand.  Then  shake  the  water 
round  in  the  jar,  and  pour  it  out.  The  liquid  will  be  found 
to  have  acquired  the  pungent  smell,  and  the  action  upon 
litmus-paper  and  turmeric-paper,  which  characterise  ammonia 
gas. 

This  liquid  is  in  fact  weak  Liquor  Ammoniae,  a  solution 
which  is  prepared  commercially  in  large  quantities  by  passing 
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Fig.  33. 


ammonia  gas  for  some  time  into  cold  water.  Even  at  ordi- 
nary temperatures  this  solution  slowly  gives  off  a  portion  of 
the  gas  which  it  contains,  and  it  furnishes  ammonia  gas 
readily  when  it  is  heated  (Exp.  34). 

52.  Ammonia  gives  White  Fumes  with  Hydrogen 
chloride  gas. — These  fumes  consist  of  particles  of  solid 
ammonium  chloride. 

Experiment  38.— Pour  a  little  strong  hydrochloric  acid 
into  a  glass  jar  (see  Caution,  p.  18) ;  close  the  mouth  of  the 

jar  with  a  glass  plate,  and  shake 
up  the  acid.  Hydrogen  chloride  gas 
will  thus  be  liberated,  and  will 
minsle  with  the  air  contained  in  the 
jar.  Allow  the  liquid  to  run  out  of 
the  jar  by  slipping  aside  the  glass 
plate  for  a  moment. 

Place  this  jar  in  an  inverted  posi- 
tion over  another  jar,  which  contains 
ammonia  gas  and  is  also  covered 
Avith  a  glass  plate  (fig.  33  a). 

Then  withdraw  the  glass  plates, 
so  that  the  mouths  of  the  jars  are 
in  contact  {h)  and  the  hydrogen 
chloride  and  ammonia  gases  can 
freely  intermingle.  Dense,  opaque, 
white  fumes  of  solid  ammonium 
chloride  will  immediately  be  formed  : 


Ammonia  and  Hydrogkn 
Chloride. 


NH3-fHCl  =  NH,Cl. 


These  fumes  may  also  be  obtained  by  dipping  a  glass  rod 
or  a  strip  of  filter-paper  into  some  strong  hydrochloric  acid, 
and  then  holding  it  in  the  ammonia  gas  as  it  issues  from  the 
delivery-tube  of  the  apparatus  (fig.  32).  The  wetted  rod  or 
paper  may  also  be  pushed  up  into  an  inverted  jar  previously 
filled  with  the  gas,  or  may  be  held  at  the  mouth  of  a  bottle 
containing  strong  solution  of  ammonia. 

53,  Tests  for  Ammonia  gas. — Ammonia  gas  may  be 
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readily  recognised  by  its  pungent  smell  ;  by  turning 
moistened  rod  litmus-paper  blue;  by  turning  moistened 
turmeric-paper  reddish-brown ;  and  by  giving  opaque  white 
fumes  when  it  is  brought  into  contact  with  a  surface  which 
has  been  moistened  with  strong  hydrochloric  acid. 


Carbon  monoxide  gas. 

This  gas  is  produced  when  carbon  dioxide  is  passed  over 
red-hot  charcoal :  CO^  +  C  =  2C0.  It  is  often  formed  in  this 
way  in  open  grates,  and  is,  therefore,  seen  burning  with  its 
characteristic  blue  flame  at  the  upper  surface  of  the  glowing 
fuel.  The  gas  is  poisonous  when  it  is  breathed  in  any 
quantity. 

Two  methods  for  preparing  carbon  monoxide  are  described 
(54'  55)-    "^^^  most  easily  made  by  heating  sodium 

formate  with  sulphuric  acid  (55) :  but  the  preparation  from 
oxalic  acid  (54)  is  also  described,  because  it  furnishes  a  good 
illustration  of  the  ordinary  method  of  purifying  a  gas  by 
washing  it  with  a  suitable  liquid,  or  by  passing  it  over  frag- 
ments of  a  suitable  solid. 

54.  Preparation  of  Carbon  monoxide  from  Oxalic  acid. 

— A  mixture  of  carbon  monoxide  with  an  equal  measure  of 
carbon  dioxide  may  be  prepared  by  heating  crystals  of  oxalic 
acid  with  strong  sulphuric  acid  : 

HoCA-SHgO  +  H,SO,  =  CO  +  COo  +  H.,SO,.3H20. 

Experiment  39. — Pour  upon  a  few  crystals  of  oxalic  acid, 
contained  in  a  boiling-tube,  about  twice  their  volume  of 
strong  sulphuric  acid,  and  heat  the  mixture  (see  Caution,  p. 
18).  In  a  short  time  effervescence  will  commence,  showing 
that  gas  is  being  evolved. 

Introduce  into  the  mouth  of  the  boiling- tube  a  glass  rod, 
which  has  been  freshly  dipped  into  lime-water ;  the  drop  of 
lime-water  hanging  upon  its  end  will  become  milky,  proving 
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that  carbon  dioxide  is  present  in  the  escaping  gas.  Hold  the 
mouth  of  the  boiHng-tube  against  a  Bunsen-flame,  a  blue 
flame  will  appear  at  the  mouth  of  the  tube,  showing  that 
carbon  monoxide  gas  is  also  being  evolved. 

In  order  to  remove  the  carbon  dioxide  and  to  obtain  pure 
carbon  monoxide,  the  mixture  of  gases  is  either  loashed  with 
solution  of  caustic  soda,  or  it  is  passed  over  pieces  of  solid 
caustic  soda  or  soda-hme.  Caustic  soda  absorbs  the  carbon 
dioxide  readily,  but  it  does  not  aflfect  carbon  monoxide  and 
allows  it  to  pass  on : 

CO  +  CO2  +  2NaH0  =  CO  +  Na.COg  +  HoO . 

Fig.  34. 


Preparatiox  and  Collection  of  Cakbon  Monoxide. 

Experiment  40.— Heat  a  mixture  of  oxalic  acid  crystals 
and  strong  sulphuric  acid  in  a  flask  fitted  as  is  shown  in 
ficr.  34.  Eemove  the  flame,  and  moderate  the  heat,  as  soon 
as  eflervescence  commences,  else  the  acid  will  froth  over. 

Allow  the  gases  which  are  evolved  to  pass  through  a  wash- 
bottle  containing  caustic  soda  solution,  or  through  a  suitable 
tube  filled  with  fragments  of  soda-Ume,  or  with  fragments  of 
pumice-stone  moistened  with  strong  caustic  soda  solution. 
The  bulbed  tube  (a)  or  the  U-tube  {b\  shown  in  figs.  26,  27 
(p.  32),  are  commonly  employed  as  receptacles  for  the  solid 
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reagents.  If  the  carbon  dioxide  is  to  be  completely  removed, 
the  gases  must  be  passed  through  two  or  more  such  tubes  or 
bottles,  and  the  stream  of  gas  must  be  slow. 

The  carbon  monoxide  gas  may  be  collected  over  water. 
It  will  produce  no  niilkiness  when  it  is  shaken  with  lime- 
water,  unless  the  stream  of  gas  has  been  so  rapid  that  the 
caustic  soda  has  not  been  able  to  absorb  the  carbon  dioxide 
completely. 

55.  Preparation  of  Carbon  monoxide  from  Sodium 
formate. — When  sodium  formate  is  heated  with  strong  sul- 
phuric acid,  carbon  monoxide  alone  is  given  off : 

NaHCO.^  +  H^SO^  =  C0  +  NaHSO^.H.O . 

Carbon  monoxide  is  thus  readily  obtained  free  from  carbon 
dioxide.  The  preparation  may  be  carried  out  in  the  appa- 
ratus shown  in  fig.  34,  but  the  washing-bottle  may  be  dis- 
pensed with. 

56.  Carbon  monoxide  Burns  in  Air,  forming  Carbon 
dioxide. — Carbon  monoxide  resembles  hydrogen  by  being 
inflammable  and  by  extinguishing  flame.  It  also  burns 
explosively  when  it  is  mixed  with  a  suitable  proportion  of 
oxygen  or  of  air,  and  is  then  kindled.  Hence,  before  this 
gas  is  collected  in  any  quantity,  it  should  be  proved  to  be 
free  from  air  by  filling  a  small  test-tube  and  seeing  that  the 
gas  burns  quietly  when  it  is  kindled. 

Experiment  41. — Push  a  burning  taper  up  into  an  in- 
verted jar  filled  with  carbon  monoxide.  The  gas  will  burn 
with  a  blue  flame  at  the  mouth  of  the  jar,  but  the  flame  of  the 
taper  Avill  be  extinguished. 

As  soon  as  the  gas  has  ceased  to  burn  inside  the  cylinder, 
pour  in  a  little  lime-water  and  shake  it  about.  The  liquid 
will  become  milky,  showing  that  the  combustion  of  carbon 
monoxide  in  the  oxygen  of  the  air  has  produced  carbon 
dioxide  gas :  CO  -f-  0  -  CO^. 


57.  Test  for  Carbon  monoxide. —Carbon  monoxide  i 
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recognised  by  burning  with  a  pale  blue  flame  in  the  air,  pro- 
ducing carbon  dioxide,  which  renders  lime-water  milky. 


Fig.  35. 


Chlorine  gas. 

58.  Preparation  of  Chlorine  from  Hydrochloric  acid. — This  gas  may 
be  made  in  the  apparatus  which  has  been  employed  for  the  prepara- 
tion of  carbon  monoxide  (fig. 
34,  p.  46).  The  washing-bottle 
may  either  be  dispensed  with, 
or  it  may  be  partly  filled 
with  water  in  order  to  free 
the  chlorine  from  hydrogen 
chloride  gas :  and  the  de- 
livery -  tube  should  not  be 
curved  round  at  the  end  as 
it  is  not  to  be  passed  under 
water  (fig.  35). 

ExPEKiMENT  42.  —  Place 
some  small  pieces  of  man- 
ganese dioxide  in  the  cleansed 
flask  (fig.  35).  Pour  in  strong 
hydrochloric  acid  which  has 
been  mixed  with  about  one- 
third  its  measure  of  water  ; 
and  heat  the  mixture  gently 
in  a  draught-closet.  A  green- 
ish-yellow gas  will  be  evolved.  Collect  the  gas  by  displacement 
(Exp.  15,  36),  since  it  is  much  heavier  than  air: 

MnOa  -f  4HC1  =  CI2  +  MnClg  +  2H2O . 
This  gas  has  a  very  destructive  action  on  the  lungs,  and  must  on  no 
account  be  inhaled  in  any  quantity. 

59.  Tests  for  Chlorine.— Chlorine  is  usually  recognised  by  its 
yellowish-green  colour,  by  its  peculiar  smell,  and  by  its  property  of 
bleaching  moist  vegetable  colours. 

Experiment  43. — The  bleaching-power  of  chlorine  is  shown  by 
placing  a  piece  of  moistened  litmus-paper,  or  of  TurJcey-red  fabric  dyed 
with  madder,  in  a  jar  of  the  gas.    Tlie  colour  will  be  destroyed. 

When  a  burning  candle  is  plunged  into  a  jar  of  chlorine,  it  con- 
tinues to  burn  with  a  very  smoky  flame.  A  strip  of  filter-paper,  wetted 
with  hot  turpentine,  catches  fire  spontaneously  in  chlorine,  and  gives 
rise  to  dense  smoke.    The  hydrogen  only  of  these  combustible  sub- 


Prei'aration  and  Collection  of 
Chlorine. 
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stances  combines  with  the  chlorine,  forming  hydrogen  chloride  ;  the 
carbon  separates  in  the  free  state,  giving  rise  to  the  smoke. 

A  piece  of  dutch-foil  or  of  copperdeaf  also  burns  spontaneously  when 
it  is  dropped  into  chlorine,  the  metal  being  converted  into  its  chloride 
with  production  of  heat. 

If  chlorine  is  allowed  to  bubble  through  a  little  water,  the  water  will 
acquire  the  colour,  the  smell,  and  the  bleaching-power  of  the  gas.  This 
shows  that  chlorine  is  soluble  in  water,  and  explains  why  the  gas 
cannot  be  collected  over  water  without  loss. 

When  chlorine  is  brought  into  contact  with  hydrogen  sulphide  (fig. 
33,  p.  44),  hyilrogen  chloride  is  formed,  and  sulphur  is  deposited  on 
the  inside  of  tlie  vessel. 


Hydrogen  chloride,  or  Hydrochloric  acid  gas, 

60.  Preparation  of  Hydrogen  chloride. — Wlien  sodium  chloride 
and  siili'huric  acid  are  heated  together  in  a  glass  vessel,  they  furnish 
hydrogen  chloride  and  sodium  hydrogen  sulpliate  : 

NaCl  +  HoSOj  =  HCl  +  NaHSO^.  . 

ExPKUi.MKNT  44. — Cleanse  the  flask  which  was  used  for  the  prepara- 
tion of  cldorine  (fig.  35,  58),  and  place  in  it  several  lumps  of  rock 
salt  (sodium  chloride).  Pour  in  some  strong  sulphuric  acid,  which  has 
been  diluted  with  an  equal  volume  of  water,  and  heat  gently.  Hydro- 
chloric acid  gas  will  be  evolved.  Its  escape  will  be  rendered  evident 
by  the  fumes  which  it  produces  in  ordinary  moist  air,  and  by  its  pun- 
gent smell :  also  by  its  power  of  turning  blue  litmns-paper  red.  This 
gas  is  heavier  than  air,  and  sliouhl  be  collected  by  displacement  (fig. 
35),  since  it  dissolves  largely  in  water. 

61.  Tests  for  Hydrogen  chloride. — This  gas  may  be  recognised  by 
its  pungent  smell,  by  funung  in  the  air,  by  turning  blue  litmus  red,  and 
by  giving  opaque  Avhite  fumes  with  ammonia  gas  or  with  strong  ammonia 
solution  (52).  A  still  more  characteristic  test  depends  upon  its  power 
of  rendering  silver  nitrate  solution  turbid,  by  the  formation  of  insoluble 
silver  chloride. 

Exi'KRiMKNT  45. — Introduce  some  silver  nitrate  solution,  which 
has  been  acidified  with  nitric  acid,  into  the  gas  :  the  liquid  will 
at  once  become  turbid.  The  experiment  may  be  tried  by  pouring  some 
of  the  silver  solution  into  a  jar  containing  the  gas ;  by  allowing  the  gas 
to  pass  into  the  solution  ;  or  by  dipjiing  a  glass  rod  into  the  silver  solu- 
tion, and  then  introducing  the  rod,  with  a  drop  hanging  upon  its  end, 
into  a  jar  of  the  gas. 

D 
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Sulphur  dioxide,  or  Sulphurous  oxide  gas. 

62,  Preparation  of  Sulphur  dioxide  from  Sulphuric  acid. — This 
gas  has  ah-eady  been  made  by  burning  sulphur  in  oxygen  (24,  Exp.  6). 
It  may  also  be  prepared  from  strong  sulphuric  acid  by  heating  this 
acid  with  copper. 

Experiment  46. — Cleanse  the  preparation  flask  (fig.  35,  p.  48),  and 
place  some  copper  turnings  in  it.  Then  pour  in  strong  commercial 
sulphuric  acid,  and  heat  the  mixture.  Sulphurous  oxide  will  be  evolved 
when  the  acid  has  been  heated  nearly  to  boiling : 

Cu  +  2H2SO4  =  SO2  +  CUSO4  +  2H2O  . 

The  gas  may  be  cooled  and  washed  by  passing  it  through  a  little 
water.  It  is  then  collected  by  displacement,  since  it  is  much  heavier 
than  air  and  is  extremely  soluble  in  water. 

63.  Tests  for  Sulphur  dioxide, — This  gas  possesses  an  extremely 
pungent  smell,  and  is  identified  by  the  following  tests,  of  which  the 
first  is  the  most  characteristic. 

Experiment  47. — Pour  into  a  jar  of  the  gas  some  dilute  solution  of 
potassium  dichromate  and  shake  it  round  ;  also  hang  paper  moistened 
with  the  dichromate  solution  in  the  jar  ;  the  reddish  colour  of  the  di- 
chromate will  be  rapidly  changed  to  green.  Prove  also  that  the  gas 
is  freely  soluble  in  water,  and  that  its  solution  is  acid  to  test-paper, 
turning  blue  litmus-paper  red. 


Nitrogen  monoxide,  or  Nitrous  oxide  gas. 

64.  Preparation  of  Nitrogen  monoxide. — When  solid  ammonium 
nitrate  is  heated,  it  melts ;  and  when  it  is  further  heated,  it  decom- 
poses into  steam  and  nitrogen  monoxide : 

NH4N03  =  N20  +  2H20. 

Experiment  48. — Cleanse  the  flask  (fig.  35,  58),  and  close  it  with 
a  singly  perforated  cork,  bearing  a  delivery-tube  which  has  been  bent 
twice  at  right  angles.  Keplace  the  washing-bottle  by  a  flask  which  is 
closed  by  a  doubly  perforated  cork,  bearing  tubes  which  pass  just 
through  the  cork.  Weight  the  flask  by  pouring  shot  into  it,  so  that  it 
may  be  sunk  into  a  pan  of  cold  water.  The  flask  serves  to  condense 
the  steam  which  escapes  with  the  gas,  and  to  cool  the  gas.  Now  heat 
the  flask,  and  collect  the  nitrogen  monoxide,  which  is  much  heavier 
than  air,  by  displacement. 
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65,  Tests  for  Nitrous  oxide. — This  gas  has  a  sweet  taste  :  it  is 
iletected  by  the  "spark-test,"  and  by  not  colouring  nitric  oxide. 

Experiment  49. — Show  that  nitrons  oxide  kindles  a  spark  on  a 
splinter  of  wood  into  llanie,  but  that  it  diflers  from  oxygen  by 
producing  a  greenish  halo  around  the  flame.  Show  further  that 
nitrous  oxide  gives  no  red  colour  with  nitric  oxide,  as  oxygen  does 
(25,  43)  :  for  this  experiment  the  gas  should  be  collected  over  water, 
since  air  may  remain  in  it  if  it  has  been  collected  by  displacement. 


Ethene,  or  Ethylene  gas. 

66.  Preparation  of  Ethene  from  Alcohol. — Ethene  may  be  pre- 
pared by  heating  alcohol  with  strong  sulphuric  acid  : 

C.^HgO  +  H.,S04  =  C2H4  +  H2SO4.  H2O . 

ExPKRiMENT  50.— The  apparatus  shown  in  fig.  34  (54)  may  bo 
used.  Tlie  flask  should,  however,  be  round  and  not  conical  in  shape, 
and  must  not  be  less  than  fourteen  ounces  in  capacity,  since  the  pre- 
jiaration- mixture  froths  considerably. 

A  mixture  of  one  volume  of  alcohol,  of  0"83  specific  gravity,  with 
five  volumes  of  strong  sulphuric  acid,  is  made  by  shaking  the  liquids 
together  in  the  generating-flask.  This  mixture  must  not  be  more  than 
half  an  inch  in  depth  in  the  flask.  A  solution  of  sodium  hydrate  is 
placed  in  the  two-necked  washing-bottle,  and  serves  to  absorb  the 
sulphur  dioxide  which  escapes  during  the  preparation. 

The  mixture  in  the  generating-flask  is  heated  carefully  with  con- 
stant watching,  since  it  is  apt  to  froth. 

Ethene  gas,  when  mixed  with  air,  burns  explosively,  and  care  must 
therefore  be  taken  to  expel  the  air  from  the  preparation  vessels  com- 
pletely before  any  quantity  of  the  gas  is  collected  and  burnt.  Two 
cylinders  should  be  filled  with  the  gas  by  collecting  it  over  water,  and 
another  dry  jar  should  be  filled  by  direct  displacement  of  the  air. 

67.  Tests  for  Ethene. — Ethene  may  be  recognised  by  the  character 
and  products  of  its  flame,  and  by  its  combination  with  bromine. 

Experiment  51. — Burn  ethene  in  one  of  the  wet  jars  and  note  its 
very  luminous  flame.  Burn  also  the  gas  contained  in  the  dry  jar  and 
note  that  the  sides  of  the  jar  become  dimmed  with  moisture.  Clo.se  the 
jar  in  which  the  gas  has  been  burnt  with  a  glass  plate  as  soon  as  the 
combustion  is  ended,  and  shake  up  the  products  of  combustion  with 
lime-water.  The  lime-water  will  become  milky,  proving  that  carbon 
dioxide  is  also  a  product  of  the  combustion  of  ethene. 

Open  the  second  wet  jar  containing  ethene  for  a  moment,  pour  into 
it  a  little  bromine-water,  and  shake  the  liquid  with  the  gas.  The 
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colour  of  the  bromine  will  disappear,  since  a  colourless  fragrant  liquid, 
etheiie  dibromide,  is  formed. 

This  power  of  decolourising  bromine  is  a  characteristic  property  of 
ethene  and  of  certain  allied  gases. 


Methane  gas,  or  Marsh  oas. 

68.  Preparation  of  Methane  from  Sodium  acetate.— This  gas 
may  be  prepared  by  heating  an  intimate  mixture  of  dried  sodium 
acetate  with  soda-lime  : 

NaOsHoO^  +  NaO  H  =  OH4  +  NagCOs . 
Experiment  52. — Ht-at  some  crystallised  sodium  acetate  in  a 
shallow  iron  sand-bath  over  the  Bunsen-fiame,  until  steam  is  no  longer 
given  off.  The  salt  will  set  into  a  white  mass  as  it  cools.  Mix  one 
part  of  this  dry  salt  with  four  parts  of  dry  soda-lime,  then  reduce  the 
mixture  to  fine  powder,  and  heat  the  powder  to  redness  in  an  apparatus 
such  as  that  shown  in  fig.  21  (p.  22).  It  is  necessary  to  substitute 
hard-glass  tube  for  the  test-tube,  since  an  ordinary  test-tube  would  be 
softened  by  the  heat  which  must  be  applied  for  the  above  decomposi- 
tion. As  soon  as  the  air  has  been  expelled  from  tlie  ap]>aratus,  fill  two 
cylinders  with  methane  over  water  in  the  usual  way,  and  fill  another 
dry  cylinder  by  direct  displacement  of  the  air  by  the  light  gas. 

69.  Tests  for  Methane.— Repeat  with  this  gas  the  tests  which  have 
been  described  under  ethene  (67,  Exp.  51).  The  flame  of  methane  will 
be  found  to  be  less  luminous  than  that  of  ethene,  but  it  will  yield  the 
same  products.  Bromine  water  will  not  lose  its  colour  when  it  is 
shaken  with  the  gas,  showing  that  bromine  does  not  combine  with 
methane. 


Detection  of  gases. 

70.  Certain  Properties  of  the  Gases,  which  have  been  already 
described,  enable  these  gases  to  be  detected  when  they  occur  alone  or  in 
a  state  of  mixture.    These  properties,  which  serve  as  tests  for  the  pres- 
ence of  each  gas,  are  stated  below,  and  are  given  in  greater  detai 
under  the  preceding  descriptions  of  the  individual  gases. 
Oxygen  :  kindles  a  glowing  splinter  into  flame,  and  gives  reddish- 
brown  gas  with  nitric  oxide  (25)  ;  it  is  insoluble  in  water. 
Hydrogen  :  burns  with  a  non-luminous  flame,  which  deposits  moisture 

and  forms  no  carbon  dioxide  (35)  ;  it  is  insoluble  in  water. 
Nitrogen:  is  incombustible,  extinguishes  a  flame  (27),   and  gives 
negative  results  with  all  the  tests  which  are  here  mentioned. 
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Nitric  oxide  :  is  colourless,  but  becomes  reddish-brown  wlieu  it  is 
mixed  with  air  or  with  oxygen  (43). 

Nitrogen  Monoxide :  is  colourless  ;  is  uncliaiiged  by  contact  with  air  ; 
has  a  sweetish  taste ;  does  not  colour  nitric  oxide ;  kindles  a  glowing 
splinter  into  flame,  and  gives  a  pale  yellowish-green  lialo  around 
the  llame. 

Hydrogen  chloride  :  funics  in  the  air  ;  gives  dense  white  fumes  with 
ammonia  gas  ;  dissolves  in  water  ;  the  aqueous  solution  reddens 
blue  litmus,  and  gives  a  white  curdy  precipitate  when  it  is 
mixed  with  silver  nitrate  solution  (61). 

Ammonia  :  possesses  a  pungent  smell  ;  gives  dense  white  fumes  with 
hydrogen  chloride  gas  ;  dissolves  in  water  ;  the  aqueous  solution 
turns  red  litmus  blue  and  turmeric  brown  (53). 

Sulphur  dioxide  :  possesses  a  pungent  smell  ;  dissolves  in  water  ;  the 
aqueous  solution  turns  blue  litmus  red,  and  changes  the  red 
colour  of  a  drop  of  potassium  dichromate  solution  to  green  (63). 

Hydrogen  sulphide  :  possesses  a  foul  smell  ;  burns  with  a  blue  flame, 
yielding  water  and  sulphur  dioxide  ;  dissolves  in  water ;  the 
afpieous  solution  blackens  a  drop  of  lead  acetate  solution  (47)- 

Chlorine  :  possesses  a  peculiar  smell,  and  causes  coughing  ;  a  taper 
burns  in  the  gas  with  a  red  and  smoky  flame  ;  dissolves  slightly 
in  water  ;  the  aqueous  solution  bleaches  litmus  (59)  ;  both  the  gas 
and  its  solution  turn  paper,  soaked  in  solution  of  starch  and 
potassium  iodide,  blue. 

Carbon  dioxide  :  extinguishes  flame  ;  is  incombustible  ;  inakes  lime- 
water  milky  ;  dissolves  slightly  in  water,  and  the  solution  renders 
lime-water  milky  (41), 

Carbon  monoxide  :  burns  with  blue  flame,  forming  no  water  ;  after 
the  combustion  carbon  dioxide  is  found  by  shaking  the  product 
with  lime-water  (57)  ;  is  insoluble  in  water. 

Methane  :  burns  with  a  slightly  lutninous  flame,  producing  water  and 
carbon  dioxide  ;  does  not  decolourise  bromine  water  (69)  :  is  in- 
soluble in  water. 

Ethene  :  burns  with  a  very  luminous,  and  somewhat  smoky  flame, 
producing  water  and  carbon  dioxide  ;  decolourises  bromine 
water  (67) ;  is  almost  insoluble  in  water. 

When  a  mixture  of  gases  is  being  examined,  it  should  be  remem- 
bered that  those  which  act  chemically  upon  one  another  cannot  be 
simultaneously  present.    Such  mutually  exclusive  pairs  of  gases  are  : 
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O  and  NO  ;  HCl  and  NHg  ;  SO2  and  H2S  ;  CI  and  H2S  ;  NH3  and 
SO2  ;  H  and  CI  in  daylight. 

In  testing  for  the  constituents  of  a  mixture,  a  brief  exposure  of  a 
part  of  the  mixture  to  air  would  detect  NO  ;  shaking  another  portion 
with  water,  followed  by  examination  of  separate  portions  of  this  solu- 
tion, would  detect  HCl,  NH.,,  SO2,  H2S,  CI,  CO2  ;  application  of  a 
flame  to  another  portion  of  the  mixture  would  detect  O,  H,  N,  H2S,  CO, 
CH4,  and  C2H4.  Special  confirmatory  tests  should  be  applied,  Avhen 
possible,  to  support  the  conclusions  drawn  from  the  above  general  tests. 


The  Process  op  Distillation. 

71.  The  Process  of  Distillation  serves  to  separate  liquids 
wliicli  boil  at  a  comparatively  low  temperature,  either  from 
solids,  or  from  other  liquids  which  are  only  converted  into 
vapour  at  a  much  higher  temperature.  It  consists  in  boiling 
the  liquid,  and  cooling  or  condensing  its  vapour  into  a  liquid 
which  is  termed  the  distillate.  The  non-volatile  solid  or 
liquid  substances  are  left  behind  in  the  vessel  in  which  the 
liquid  is  boiled. 

The  purification  of  common  spring  water  from  the  solid 
substances  dissolved  in  it,  and  the  preparation  of  nitric  acid, 
will  serve  as  examples  of  this  process. 


Distillation  of  Water. 

72.  Distilled  Water  is  made  in  large  quantities  for  use  in 
various  chemical  processes.  It  must  be  substituted  for 
ordinary  tap-water  in  the  process  of  analysis,  if  the  tap- 
water  contains  dissolved  solids.  A  metal  still,  which  may  be 
used  for  preparing  distilled  water  in  large  quantity,  is 
described  in  pars.  II29-II32,  but  a  small  quantity  of 
distilled  water  may  be  obtained  in  the  following  way. 

Experiment  53. — Pour  tap-water  into  a  clean  8-ounce 
retort,  through  a  funnel  placed  in  the  mouth  or  in  the 
tubulure,  until  the  bulb  of  the  retort  is  half  full.  Support 
the  retort  on  the  ring  of  a  retort-stand,  or  upon  a  tripod- 
stand,  with  its  neck  sloping  downwards ;  and  push  the  neck 
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of  the  retort  into  a  small  clean  flask,  which  is  partly  immersed 
in  cold  water  contained  in  a  pan  or  bowl  (fig.  36). 

Now  proceed  to  boil  the  water  in  the  retort.  Carefully 
avoid  boiling  the  water  so  violently  as  to  cause  it  to  pass 
over  into  the  neck  of  the  retort.  Steam  will  pass  into  the 
flask,  and  will  be  there  condensed  to  distilled  loater.  The 
first  portion  of  the  distillate  should  be  shaken  round  in  the 
liask  and  thrown  away,  as  it  is  apt  to  be  rendered  impure  by 
rinsing  the  neck  of  the  retort  and  the  flask.  The  distillation 
may  then  be  allowed  to  proceed,  the  distillate  being  collected 
in  the  flask. 

Fig.  36. 


UI^5^  ILLATION  OF  WATEU. 

73.  Tests  for  Salts  dissolved  in  Tap-water. — Some  of 
the  salts  which  are  ordinarily  present  in  tap-water,  may  be 
detected  while  the  process  of  distillation  is  going  on. 

If  the  result,  which  is  described  under  any  one  of  the  following 
tests,  does  not  occur,  it  may  be  inferred  that  the  tap-water  is  free  from 
that  particular  constituent.  It  should  be  understood  that  the  soft 
water  supplies  of  some  of  our  large  towns  are  almost  entirely  free  from 
dissolved  solids,  and  that  this  is  true  also  of  clean  rain-water. 

Experiment  54. — Make  each  of  the  following  tests  on  a 
separate  portion  of  the  water  contained  in  a  test-tube. 

Chloride. — Add  to  some  of  the  tap-water  several  drops 
of  nitric  acid  and  of  silver  nitrate  solution,  and  notice  whether 
the  water  becomes  turbid.  Turbidity  shows  the  presence  of 
chloride  in  the  water. 
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Calcium. — A  separate  portion  of  tap-water  in  another  test- 
tube  may  be  found  to  become  turbid  on  the  addition  of  some 
sokition  of  ammonia  and  of  ammonium  oxalate.  Dissolved 
calcium  salts  produce  this  turbidity. 
»  Sulphate. — The  presence  of  sulphate  would  be  indicated 

by  a  turbidity  being  caused  by  the  addition  to  another 
portion  of  the  tap- water  of  a  few  drops  of  hydrochloric  acid 
and  of  barium  chloride  solution. 

Hardening  salts. — Ascertain  also  whether  precipitation  of 
soap  is  caused  by  the  tap- water,  owing  to  the  presence  in  it 
of  certain  dissolved  solids.  For  this  purpose  dissolve  a  small 
shaving  of  soap  by  warming  it  in  a  little  distilled  water. 
Add  a  drop  of  this  soap-solution  to  some  of  the  tap- water, 
which  half  fills  a  test-tube.  Close  the  mouth  of  the  test- 
tube  with  the  thumb,  and  shake  the  water  well.  If  harden- 
ing salts  are  present,  no  lather  will  form,  but  the  water  will 
be  rendered  more  or  less  turbid  by  the  separation  of  soap. 
By  the  gradual  addition  of  more  soap-solution,  the  initial 
turbidity  may  be  increased,  and  a  lather  may  be  produced 
when  the  water  is  shaken. 

74.  Tests  for  the  Purity  of  Distilled  water. — The  dis- 
tilled water  from  the  flask  should  now  be  examined  by  the 
above  tests.  It  will  remain  clear  on  the  addition  of  the 
reagents,  and  will  at  once  give  a  lather  with  the  soap-solu- 
tion :  since  any  solid  substances,  which  the  original  tap- water 
may  have  contained,  will  have  been  removed  from  the  water 
by  distillation. 

Distilled  water  should  remain  perfectly  clear  when  solutions 
of  ammonium  oxalate,  of  silver  nitrate,  of  barium  chloride,  and 
of  ammonium  sulphide  are  separately  added  to  different  por- 
tions of  the  water.  These  tests  prove  the  absence  of  cal- 
cium salts,  of  chloride,  of  sulphate,  and  of  lead  and  iron  salts. 

Distilled  water  should  also  leave  no  residue  when  it  is 
evaporated  to  dryness. 

Occasionally  rain-water,  and  even  a  town  supply,  will  show  a  purity 
corresponding  to  tliat  of  distilled  water  ;  such  water  need  not  be 
distilled  before  it  is  used  for  analytical  purposes. 
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Preparation  of  Nitric  Acid  by  Distillation. 

75.  When  Potassium  nitrate  is  mixed  with  strong  biil- 
phuric  acid  and  the  mixture  is  heated,  nitric  acid  is  formed : 

KNO3  +  HoSO^  =  HNO3  +  KPISO4  ■ 

The  nitric  acid  may  be  separated  from  tlie  solid  potassium 
sulphate,  which  is  produced  at  the  same  time,  and  from  excess 
of  sulphuric  acid,  by  the  process  of  distillation. 

Experiment  55. — Cleanse  the  retort,  which  has  been  used 
for  the  distillation  of  water,  by  shaking  round  in  the  bulb  a 
little  dilute  hydrochloric  acid,  and  thoroughly  rinsing  it  out 
with  water.  Let  the  retort  drain  for  a  few  minutes,  and 
introduce  some  solid  nitre  or  potassium  nitrate  through  the 
tubulure. 

Then  place  a  funnel  iu  the  tubulure,  and  pour  in  about 
double  the  measure  of  strong  sulphuric  acid ;  and  proceed  to 
distil  over  the  nitric  acid  as  in  the  j)receding  experiment 
(fig.  36),  A  yellow  liquid  will  trickle  down  the  neck  of 
the  retort  into  the  flask.  This  liquid  is  somewhat  impure 
nitric  acid. 

The  liquid  which  remains  in  the  retort  after  the  distillation 
should  be  poured  out  as  soon  as  it  is  cold ;  the  retort  may 
then  be  rinsed  with  water. 

76.  Test  for  Nitric  acid.  —  Strong  nitric  acid  emits 
pungent  fumes,  and  evolves  reddish -brown  gas  when  it  is 
brought  into  contact  with  copper. 

Experiment  56. — Pour  a  Httle  of  the  acid  from  the  flask 
upon  some  small  pieces  of  copper  in  a  test-tube ;  a  reddish- 
brown  gas  will  escape  in  large  quantity.  An  explanation  of 
this  result  is  given  under  the  test  for  nitric  oxide  (43).  This 
property  of  giving  reddish-brown  gas,  when  it  is  brought  into 
contact  with  copper,  is  often  used  as  a  test  for  the  presence 
of  nitric  acid. 


SECTIOIN  III. 


ANALYTICAL  OPERATIONS. 


Introductory  Remarks.  —  Before  the  student  tries  the  analytical 
reactions,  he  should  become  familiar  with  the  operations  which  are 
commonly  employed  in  chemical  analysis.  The  processes  will  be 
easily  understood  by  reading  through  the  following  descriptions,  and 
then  performing  the  illustrative  experiments  which  are  given. 

Caution.— In  all  analytical  work  the  ivater  used  must  be  distilled 
water,  and  this  only  should  be  kept  in  the  wash-bottle. 


Solution. 

84.  T^ie  Process  of  Solution. — Many  solid  substances 
gradually  dissolce  in  water,  when  they  are  stirred  or  shaken 
with  ^that  liquid.  Salt  and  alum  may  be  mentioned  as 
examples.  Certain  other  liquids  may  be  employed  instead  of 
water ;  and  if  they  cause  solid  substances  which  are  immersed 
in  them  to  become  partially  or  entirely  liquid,  and  to  mingle 
uniformly  with  the  liquid,  they  are  said  to  dissolve  the  solids. 

The  liquid  thus  obtained  is  called  a  solution  of  the  soHd, 
and  the  liquid  which  dissolves  the  soHd  is  termed  the  solvent. 

Further,  a  solid  which  dissolves  in  a  liquid  is  said  to  be 
soluble  in  that  liquid ;  if  it  does  not  dissolve,  it  is  said  to  be 
i7isoluhle. 

Thus  when  water  is  shaken  with  sodium  chloride  or  com- 
mon salt  it  dissolves  the  salt,  yielding  solution  of  sodium 
chloride;  water  is  therefore  called  a  solvent  for  sodium 
chloride,  and  this  salt  is  said  to  be  soluble  in  watei-. 


SIMPLE  SOLUTION. 
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The  process  of  solution  proceeds  most  rapidly  when  the 
solid  substance  is  finely  powdered  before  it  is  stirred  in  the 
liquid,  since  the  largest  possible  surface  of  the  substance 
is  thus  brought  into  contact  with  the  solvent. 

The  process  is  also  much  hastened  hy  heating  the  solvent, 
partly  because  heat  causes  a  rapid  circulation  of  the  liquid 
over  the  solid,  and  also  because  a  solid  substance  is  usually 
much  more  soluble  in  the  hot  liquid  than  in  the  cold  one. 

Two  kinds  of  solution  may  be  distinguished,  namely,  simple 
solution  and  chemical  solution. 

85.  Simple  Solution  occurs  when  a  substance  is  dissolved 
by  a  liquid  without  undergoing  alteration  in  its  composition, 
A  simple  solution  generally  possesses  the  taste,  colour,  and 
other  general  properties  of  the  solid  which  it  contains.  It 
also  yields  the  solid  substance  again  when  the  solvent  is 
removed  by  ecaporation.  The  solution  of  potassium  nitrate 
or  of  copper  sulphate  in  water  is  an  example  of  a  simple 
solution. 

ExPKKiMENT  63. — Place  a  piece  of  potassium  nitrate  in  a 
small  clean  beaker.  Partly  fill  the  beaker  with  water,  and 
stir  the  solid  about  with  a  glass  rod.  The  potassium  nitrate 
will  slouiy  dissolve  in  the  water,  and  the  solid  will  diminish 
in  amount. 

Now  heat  the  liquid  by  placing  the  beaker  on  wire-gauze 
over  a  small  flame ;  the  solution  will  proceed  much  more 
rapidly. 

Powder  another  piece  of  potassium  nitrate  by  crushing  it 
in  a  mortar,  and  then  rubbing  it  round  with  the  pestle. 
Place  this  powder  in  a  beaker,  pour  in  water,  and  heat  tlie 
bottom  of  the  beaker  on  wire-gauze  by  a  small  Bunsen-flame 
(fig.  37).  The  potassium  nitrate  will  dissolve  much  more 
rapidly  than  before,  showing  that  the  process  of  solution  is 
accelerated  by  powdering  the  solid  and  by  employing  heat. 
Mix  these  solutions,  and  preserve  the  liquid  for  future  use. 

The  forms  of  apparatus  which  are  used  for  dissolving  substances  in 
larger  quantities  are  represented  in  figs.  37,  38.    Two  devices  for  pre- 
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venting  the  loss  of  the  boiling  liquid  by  spirting,  and  for  checking  loss 
by  evaporation,  are  seen  in  these  figures.  The  beaker  is  covered  with 
a  clock-glass,  and  the  neck  of  the  flask  is  partly  covered  by  inserting  a 
funnel.    These  precautions  against  loss  are  not  usually  necessary. 

Experiment  64.— Powder  a  little  copper  sulphate  in  a 
mortar,  and  transfer  it  to  a  small  porcelain  dish.  Half  fill 
the  dish  with  water,  support  it  upon  a  pipe-clay  triangle 
placed  on  a  tripod  or  retort-stand,  and  heat  it  with  a  small 
flame.  The  Uue  copper  sulphate  will  dissolve,  yieldmg  a  blue 
solution.    Keep  this  solution  for  future  use. 


Fici.  0 


Fig.  33. 


Appakattts  for  Solution  of  a  Solid. 


These  experiments  (63,  64)  ars  examples  of  simple  solution. 
The  first  shows  that  a  colourless  solid  gives  a  colourless  solu- 
tion, and  the  second  that  a  coloured  solid  gives  a  coloured 
solution.  This  is  generally  true,  and  hence  the  presence  of 
a  coloured  substance  in  a  solution  may  be  inferred  if  the 
liquid  itself  is  coloured. 

Moreover,  if  a  drop  of  the  potassium  nitrate  solution  is 
tasted,  it  will  be  found  to  possess  the  same  taste  as  the  solid. 

When  a  simple  solution  is  being  analysed  its  colour  is 
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usually  noted,  and  its  taste  is  occasionally  tried  with  proper 
precautions. 

86.  Chemical  Solution  differs  from  simple  solution  by 
producing  a  chemical  change  in  the  substance  which  is 
undersoins  solution.  The  solution  therefore  contains  a  sub- 
stance  which  differs  in  composition  from  the  undissolved 
solid.  Accordingly,  when  the  solvent  is  removed  by  evapo- 
ration the  original  substance  is  not  obtained. 

Experiment  65.— Place  in  a  test-tube  a  small  piece  of 
marble  or  of  calcium  carbonate,  pour  upon  it  a  little  water, 
and  heat  the  tube.  The  calcium  carbonate  will  be  found  to 
be  insoluble  in  water. 

Now  add  to  the  water  some  hydrochloric  acid :  effer- 
vescence^ or  escape  of  numerous  small  bubbles  of  gas,  will 
occur.  The  piece  of  calcium  carbonate  will  meanwhile 
slowly  diminish  in  size,  and 


will  at  last  entirely  disappear 
in  the  liquid,  if  sufficient  acid 
is  added. 

Experiment  66. — Place  in 
a  test-tube  a  small  piece  of 
copper,  and  warm  it  with  a 
little  water :  the  copper  will 
remain  undissolved.  Now 
add  to  the  water  some  nitric 
acid,  and  heat :  the  copper 
will  slowly  dissolve,  yielding 
a  reddish-brown  gas.  The 
metal  may  be  entirely  dis- 
solved, if  sufficient  nitric  acid 
is  employed. 

These  are  two  examples 
of  chemical  solution.  The 


Fig.  39. 


Solution  of  a  Solid. 


calcium  carbonate  is  changed  by  the  hydrochloric  acid  into 
calcium  chloride,  and  this  substance,  not  the  calcium  car- 
bonate, remains  in  solution.     The  copper  is  changed  into 
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copper  nitrate,  which  is  then  dissolved  by  the  water.  These 
solutions  Avould  therefore  furnish  on  evaporation  calcium 
chloride  and  copper  nitrate  respectively,  and  not  marble 
or  metallic  copper. 

It  will  be  noticed  that  in  each  of  these  cases  a  gas  is 
given  off.  This  is  a  very  usual,  but  not  a  universal,  effect 
of  the  process  of  chemical  solution.  The  distinguishing 
fact  is  that  the  solid  substance  has  undergone  a  change  in 
composition  in  the  act  of  passing  into  solution. 

Usual  methods  of  effecting  chemical  solution  are  shown  in 
figs.  38  and  39. 

It  is  sometimes  necessary  to  dissolve  a  siibstance  without  exposing 
it  to  contact  witli  tlie  air  during  the  process.  This  may  be  effected  by 
passing  a  stream  of  carbon  dioxide  through  the  vessel  in  whicli  the 
solution  is  proceeding  ;  or  the  air  may  be  displaced  from  the  flask  by 

Fig.  40.  Fig.  41. 


Solution  of  Solid  out  of  Contact  with  Air. 


carbon  dioxide,  and  then  a  perforated  cork  may  be  at  once  fitted  into 
the  neck  of  the  flask.  The  perforation  carries  either  a  bent  tube  with 
its  end  just  immersed  in  a  small  quantity  of  distilled  water  (fig.  40), 
or  a  short  tube  surmounted  by  a  piece  of  rubber  tube,  which  is  closed 
with  a  solid  glass  stopper  :  the  rubber  tube  has  a  slit  cut  in  it  by  a 
sharp  knife  (fig.  41),  and  this  slit  gives  egress  to  any  gases  from 
within,  but  excludes  the  entrance  of  air  from  without. 
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Evaporation'  and  Crystallisation. 

87.  The  Process  of  Evaporation. — When  it  is  necessary 
to  separate  a  solid  substance  from  the  hquid  in  which  it  is 
dissolved,  the  liquid  is  boiled  away  as  vapour  or  evaporated. 
The  solid  substance  is  then  left  behind  in  the  vessel.  The 
liquid  is  usually  evaporated  by  heating  the  solution  in  an 
open  porcelain  evaporating  dish 
over  the  Bunsen- flame.  ^2. 

Experiment  67. — Pour  the 
potassium  nitrate  solution  (Exp. 
63)  into  a  porcelain  evaporat- 
ing basin,  and  heat  it  over  the 
Bunsen-flame  until  the  water 
has  been  nearly  boiled  away. 
Then  make  the  flame  smaller, 
and  continue  heating  until  the 
water  has  disappeared.  Solid 
potassium  nitrate  will  bo  left 
in  the  dish. 

Towards  the  end  of  the  pro- 
cess of  evaporating  a  solution, 
a  small  flame  should  always  be  used  :  and  in  order  to  pre- 
vent the  substance  from  spirting  out  of  the  dish,  the  flame  is 
moved  about,  or  the  dish  may  be  covered  with  a  funnel 
(fig.  42)  or  with  a  round  filter-paper. 

The  process  of  evaporation  over  a  naked  flame  is  shown  in  ficr  42 
and  the  covering  of  the  H.^nid  during  the  latter  stage  of  the  process  is 
indicated.  Fig.  43  illustrates  another  method  of  evaporating  on  a 
heated  iron  plate,  the  liquid  being  contained  in  a  beaker  instead  of  in 
a  dish  :  the  nearer  the  beaker  is  placed  to  the  part  of  the  plate  which 
is  heated  by  the  flame,  the  more  rapid  will  be  the  evaporation, 

88.  Evaporation  at  Steam-heat. -It  is  often  necessary  to 
evaporate  more  slowly  at  steam-heat,  in  order  to  prevent  the 
spirting  of  the  liquid  or  the  over-heating  of  the  solid.  For 
this  purpose  the  dish  is  placed  over  boiling  water  upon  a 
water-bath:  steam  being  in  this  case  the  heating  agent. 


Evaporation  in  Dish. 
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A  simple  form  of  water-bath  is  shown  in  fig.  44.  It  con- 
sists of  a  copper  vessel  which  is  rather  more  tlian  half-filled 


Fig.  43. 


Fig,  44. 


EVAPOBATION  IN  BeAKEKS. 

witli  water,  and  is  heated  by  a  Bun  sen-burner.  The  upper 
portion  is  fitted  with  flat  sheet-copper  rings  of  gradually 

diminishing  diameters,  and 
the  top  of  the  bath  can 
thus  be  made  to  support 
vessels  of  various  sizes. 

A  more  complex  form  of 
water-bath  is  shown  in  fig. 
4.5.  In  the  upper  surface 
of  this  bath  there  are  holes 
of  various  sizes,  designed 
to  fit  vessels  of  different 
dimensions.  When  these 
holes  are  not  in  use,  they 
are  covered  by  lids  as  is 
shown  in  the  figure.  Tliis 


Single  Water-Bath. 


water-bath  may  be  fitted  with  a  constant  water  supply  by 
the  automatic  arrangement  represented  in  figs.  58  (98)  and 
93  (I132). 
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A  simple  water-bath  may  bo  improvised  from  a  beaker 
partially  filled  with  water  and  heated  by  a  Eunseii-flame 

Fig,  45. 


Fig.  46. 


AIUI.I  II'LE  Wa'ier-Bath. 

(Hg.  46).  A  few  small  pieces  of  paper  may  be  thrown  into 
the  water  in  order  to  prevent  it  from  bumping  during  the 
boiling. 

When  the  evaporating  dish 
is  placed  on  the  top  of  the 
beaker,  it  may  possibly  prevent 
the  escape  of  the  steam.  If  this 
should  be  the  case,  some  strips 
of  paper  may  be  inserted  be- 
tween the  bottom  of  the  dish 
and  the  edge  of  the  beaker. 

89.  Concentration  and  Crys- 
tallisation.— Sometimes  only  a 
part  of  the  liquid  is  evaporated, 
for  the  purpose  of  conrentrat- 
itKj  the  solution.  When  a  hot 
solution  has  been  sufficiently 
concentrated,  it  will  frequently 
deposit  crystals  of   the  dissolved  sul  stance  as  it  cools. 

E 


Simple  Form  of  Water- 
Bath. 
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Soluble  substances  are  frequently  dissolved,  and  then  crys- 
tallised from  their  solution  in  this  way,  in  order  to  free 
them  from  impurities. 

Experiment  68. — Concentrate  the  copper  sulphate  solu- 
tion which  was  prepared  in  Exp.  64,  and  allow  the  liquid  to 
cool.  If  sufficient  water  has  been  evaporated,  crystals  will 
form.    Keep  the  copper  sulphate  in  the  dish  for  future  use. 


Precipitation. 

go.  Precipitation  by  a  Liquid. — When  two  clear  and 
transparent  solutions  are  mixed  together,  they  frequently 
become  more  or  less  turbid  or  opaque,  owing  to  particles  of 
a  solid  substance  being  formed  in  the  liquid.  A  solid  sub- 
stance thus  produced  is  called  a  precijntate,  and  the  process 
of  producing  a  precipitate  is  termed  precipitation. 

A  substance  is  frequently  removed  from  solution  by  caus- 
ing it  to  form  an  insoluble  compound  or  precipitate.  The 
substances  which  are  added  for  this  purpose  are  termed 
reagents  or  precipitants :  they  are  commonly  Hquids. 

In  producing  a  precipitate,  care  must  be  taken  that  the 
two  solutions  are  well  mixed.  Mixture  may  be  effected  by 
warming  the  bottom  of  the  test-tube  in  the  flame,  by 
stirring  the  liquid  with  a  glass  rod,  or  by  pouring  the  liquid 
from  one  vessel  to  another. 

A  precipitate  often  appears  more  rapidly  when  the  liquid 
is  vigorously  shaken,  or  when  it  is  warmed. 

Experiment  69. — Pour  some  barium  chloride  solution  into 
a  test-tube,  and  add  ammonium  carbonate  solution.  A  white 
precipitate  of  barium  carbonate  will  form.  Keep  the  precipi- 
tate and  Hquid  in  the  test-tube  for  future  use. 

In  this  instance  barium  chloride  and  ammonium  carbonate 
may  be  readily  dissolved  in  separate  portions  of  water. 
But  if  these  solutions  are  mixed,  two  different  substances, 
ammonium  chloride  and  barium  carbonate,  are  produced. 
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The  former  of  these  remains  dissolved  in  the  water ;  but  the 
latter  is  insoluble,  and  therefore  separates  as  a  fine  powder 
in  the  liquid. 

Precipitates  differ  much  in  colour  and  in  general  appear- 
ance and  properties:  they  are  therefore  frequently  pro- 
duced, by  the  addition  of  suitable  reagents,  in  order  to  show 
the  presence  of  a  substance.  Precipitates  are  also  produced 
for  the  purpose  of  separating  one  substance  from  another. 

The  appearance  of  a  precipitate  is  usually  described  by  its 
colour  and  by  its  condition.  It  is  floeculent,  if  it  forms  in 
Hock-like  masses ;  crystalline,  if  it  consists  of  small  particles 
which  are  seen  to  be  crystals  under  a  lens  or  microscope ; 
gelatinous,  if  it  is  jelly-like  in  its  consistency.  The  formation 
of  a  slight  precipitate  may  cause  only  a  turUditij  in  a  liquid. 

The  colour  of  a  precipitate  is  often  falsified  by  gaslight. 
If  the  colour  is  to  be  seen  at  night,  it  should  be  examined 
by  the  light  produced  by  the  electric  arc,  or  by  a  piece 
of  burning  magnesium  ribbon. 

91.  Precipitation  by  a  Solid  Reagent  is  occasionally 
resorted  to.  Thus  a  metal  is  not  unfrequently  precipitated 
from  the  solution  of  its  salt  by  the  immersion  in  it  of 
another  metal. 

Experiment  70.— Dip  a  clean  penknife-blade  into  some 
of  the  copper  sulphate  solution  (Exp.  68),  to  which  a  few 
drops  of  sulphuric  acid  have  been  added.  After  a  short 
time  metallic  copper  is  precipitated  from  the  solution  and 
covers  the  iron  as  a  red  film. 


Filtration. 

The  Processes  of  Filtration  and  of  Decantation  (94) 

serve  to  separate  a  precipitate  from  a  liquid  in  which  it  is 
suspended. 

92.  Filtration.— The  liquid  containing  the  precipitate  is 
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poured  upon  porous  paper.  The  liquid  itself  runs  through 
the  pores  of  the  paper,  but  the  solid  particles  of  the  preci- 
pitate are  retained  upon  the  surface  of  the  paper. 

The  paper  employed  is  called  filter-pai^er.  The  liquid 
which  has  passed  through  the  filter  is  termed  the  filtrate.  A 
filtrate  may  frequently  be  coloured  by  some  substance  dis- 
solved in  it,  but  it  should  be  perfectly  free  from  turbidity 
caused  by  solid  particles  susjoended  in  it. 

The  ordinary  process  of  filtration,  as  it  is  employed  in  chemical 
analysis,  is  described  below  :  methods  of  filtration  on  a  larger  scale 
are  described  in  paragraphs  1144,  II4S' 

Prepare  a  filter  for  filtration  as  is  directed  below. 

Experiment  71. — Measure  a  glass  funnel  (fig.  47)  along 
its  sloping  side  from  shoulder  to  rim.  Select  a  circular  filter- 
paper,  the  radius  of  which  is  somewhat  less  than  this  in 
length  :  fold  it  across  into  a  semicircle,  then  fold 
Fig.  47.  ^.-gj^^  angles  into  a  quarter  of  a 

circle ;  now  open  out  either  of  the  sides,  so  as 
to  form  a  little  conical  bag  (d,  fig.  48).  This 
forms  an  ordinary  filter. 

If  ready-cut  filters  of  suitable  size  are  not  at  hand,  cut 
Funnel.     ^^'^'^  ^  filter-paper  a  square  piece,  the  edge  of 

which  is  rather  less  than  double  the  length  of  the  side 
of  the  funnel.  Fold  it  over  along  the  dotted  line  (a,  fig.  48) ;  then 
again  along  the  dotted  line  (&).  This  gives  a  square  (c)  which  at  one 
angle  has  four  free  corners  ;  these  are  removed  by  cutting  with  a  pair 
of  scissors  along  the  curved  dotted  line  shown  in  (c). 

The  filter  is  now  made  and  only  requires  to  be  opened.  P)y  sepa- 
rating the  curved  edges  so  that  they  form  a  circle,  three  remaining  on 
one  side  of  the  circle  and  one  on  the  other,  a  little  closed  pointed  paper 
bag  is  formed  [d). 

A  filter  of  the  same  shape,  but  of  uniform  thickness,  may  be  made 
from  half  an  ordinary  circular  filter-paper,  or  from  half  of  the  circular 
flat  paper  formed  by  opening  out  the  filter  {d).  This  semicircular 
paper  is  folde.l  into  a  quadrant  shape,  and  the  two  radial  edges  are 
doubled  over  together  several  times,  the  fold  being  pressed  down  with 
the  finger  nail.  The  unused  half  of  the  filter  (fig.  48,  d)  is  absent  in 
the  filter  which  is  formed  by  opening  out  this  paper,  and  filtration  is 
more  rapid  in  consequence. 
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The  folded  filter  is  now  gently  pressed  loith  dry  fingers 
into  the  dri/  funnel,  and  the  folding  is  altered  if  necessary 
until  the  paper  fits  the  glass  closely.  It  is  then  moistened 
all  over  with  water  from  the  wash-bottle  and  is  ready  for 
use. 

This  preliminary  moistening  of  the  filter-paper  must  not  be  neglected  ; 
since,  if  the  liquid,  which  contains  the  precipitate,  is  poured  upon  a 
dry  filter,  some  particles  of  the  precipitate  may  get  between  the  fibres 


Fit:.  48. 


Folding  and  Cutting  Filtrb. 


of  the  paper  ;  the  paper  then  shrinks  nn  being  wetted,  and  thus  incloses 
the  solid  particles,  which  choke  the  pores  of  the  filicr.  Filtration  may 
in  this  way  be  seriously  retarded. 

During  the  filtration  of  a  liquid  the  funnel  may  be  placed 
with  its  neck  in  a  test-tube,  which  is  supported  in  the  test- 
tube  stand.  Care  must,  however,  be  taken  that  the  inside 
of  the  upper  part  of  the  test-tube  is  dry,  and  that  there  is  a 
space  between  the  neck  of  the  funnel  and  the  inside  of  the 
tube ;  since,  if  the  egress  of  air  from  the  test-tube  is  pre- 
vented, the  filtration  will  be  stopped. 

The  funnel  is  therefore  preferably  supported  upon  the  ring 
of  a  wooden  filter-stand  (fig.  49);  and  the  filtrate  is  received 
in  a  small  beaker  standing  beneath  the  funnel,  instead  of  in 
a  test-tube. 

As  has  been  already  stated,  the  upper  edge  of  the  filter 
must  always  be  below  the  rim  of  the  funnel ;  and  when  the 
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Fio.  49. 


liquid,  which  is  to  be  filtered,  is  being  poured  into  the  filter, 
great  care  must  be  taken  not  to  let  it  reach  the  upper  edge 
of  the  filter-paper. 

The  precipitate  should  not  more  thaa  half  fill  the  filter, 
else  it  cannot  conveniently  be  washed. 

Experiment  72. — Pour  the  Hquid  containing  the  preci- 
pitate of  barium  carbonate,  from  Exp.  69,  through  the 
filter.    If  the  above  directions  have  been  carried  out,  and 

no  hole  has  been  made  in  the 
paper,  while  it  is  being  prepared  or 
fitted  into  the  funnel,  the  filtrate 
will  run  through  perfectly  clear, 
leaving  the  barium  carbonate  on  the 
filter.  Keep  the  filter  and  pre- 
cipitate in  the  funnel  for  future  use. 

Sometimes  the  filtrate  passes  away 
from  the  filter  in  a  turbid  condition. 
In  order  to  remove  this  turbidity, 
the  turbid  portion  of  the  filtrate 
must  be  poured  once  or  twice 
through  the  same  filter.  Or  the 
turbidity  may  be  prevented  by 
pouring  the  liquid  at  first  through 
a  double  filter,  which  is  prepared 
by  folding  two  filter-papers  to- 
gether as  one:  a  double  filtration  is  thus  secured  in  one 
operation. 

It  should  be  borne  in  mind  that  a  hot  liquid  passes 
through  the  filter  more  quickly  than  a  cold  one.  Hence,  if 
it  is  not  inadmissible  for  other  reasons,  a  solution  should 
always  be  heated  before  it  is  filtered. 

Common  filter-paper  may  contain  a  little  calcium  carbonate.  This 
is  of  no  importance  in  an  ordinary  analysis,  and  is  only  objectionable 
when  an  acid  solution  has  to  be  examined  for  traces  of  calcium  after 
filtration.  In  order  to  remove  this  impurity,  the  filter  is  fitted  into 
the  funnel  in  the  usual  way,  and  is  moistened  with  dilute  hydrochloric 
acid  ;  it  is  then  well  washed  with  distilled  water.    This  process  of 
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treatment  is,  however,  seldom  necessary,  since  filters  may  be  obtained 
at  small  cost,  which  are  practically  free  from  all  matter  which  is  soluble 
in  acids. 

93.  Accelerated  Filtration. — Methods  for  expediting  the  filtration 
of  large  quantities  of  solids  from  liquids  are  described  iu  paragraph 
1143.    But  it  is  often  desirable  to  hasten  the  process  of  filtration  of 

Fig.  50. 

Fig.  51. 


r 


Geissler- 
aspirator. 


Filter-Tube. 

small  quantities  of  solid  from  a  liquid  in  any  ordinary  funnel,  more 
especially  when  a  flocculcnt  precipitate  is  being  separated  from  a 
liquid.  This  may  be  eff"ected  either  by  attaching  a  suitable  tube  to  the 
funnel,  or  by  means  of  a  filter-pump  or  an  aspirator. 

(1)  One  of  the  simplest  means  of  increasing  the  rate  of  filtration  is  to 
attach  to  the  funnel  a  glass  tube,  bent  as  is  shown  in  fig  50.  As  soon 
as  the  filtrate  has  filled  this  tube,  the  weight  of  the  column  of  liquid 
tends  to  draw  the  liquid  through  the  filter,  and  the  rate  of  filtration  is 
accordingly  increased. 

Another  simple  method  is  to  attach  to  the  funnel  a  straight  piece  of 
glass  tube  about  2  feet  in  length  and  I  millimetre  in  bore.  The 
liquid  column  which  is  suspended  in  this  tube  acts  in  the  way  just 
described. 
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(2)  A  Filler-pump,  or  Aspirator,  which  applies  suction  to  the  neck 
of  the  funnel,  is  frequently  useful  to  hasten  the  process  of  filtration. 

The  accompanying  illustration  (fig.  52)  shows  a  convenient  arrange- 
ment for  this  juirpose.  The  glass  Geissler-aspirator  (fig.  51)  is  shown 
over  the  sink,  connected  by  stout  rubber  tubing,  inclosing  canvas,  with 
the  high  pressure  water-tap.  When  the  water  is  turned  on,  and  flows 
through  the  aspirator,  air  is  sucked  from  the  thick-glass  conical  tubu- 
lated filter-flask  ;  and  the  atmospheric  pressure,  acting  on  the  liquid 
in  the  funnel,  is  thus  utilised  for  forcing  the  liquid  through  the  filter. 


Fin.  52. 


Water  Filter-Pump,  or  Aspirator. 


The  two-necked  WoulfFe's  bottle  is  interposed  between  the  aspirator 
and  the  filter-flask  in  order  to  jirevent  the  water  in  the  aspirator  from 
entering  the  flask. 

The  neck  of  the  funnel  is  fitted  by  a  rubber  cork  into  the  neck  of  the 
conical  filter-flask  ;  and  in  order  that  the  pressure  which  is  exerted  on 
the  point  of  the  filter-paper  may  not  burst  it,  either  toughened  filter- 
paper  may  be  used,  or  the  ordinary  filter-paper  may  be  supported 
beneath  by  a  small  filter-coue  of  muslin  or  platinum. 
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Fig.  53. 


Platinum 
Filter-Cone. 


Fig.  54. 


The  platinum  cone  is  cut  from  a  piece  of  platinum  foil  measuring 
about  1^  X  inch  (fif,'.  53).  A  hole  is  pierced  by  a  pin  near  the  middle 
of  the  foil.  The  foil  is  cut  through  from  the  edge  to  this  hole.  The 
corners  are  removed  by  cutting  round  in  a  circle  which  has  the  pin- 
hole for  its  centre.  The  spring  is  then  taken  out  of  the  foil  by  heating 
it  to  redness  and  cooling  it  slowly,  and  the  foil  is  shaped  into  a  cone 
(fig.  48,  d,  92),  which  must  be  fitted  exactly 
into  the  bottom  of  the  funnel.  After  the  plati- 
num cone  has  been  placed  in  the  funnel,  a  dry 
filter-paper  is  folded  as  usual,  and  is  fitted 
closely  into  the  dry  funnel. 

Before  the  filter  is  used  for  filtration,  it  is 
moistened  with  water,  and  is  then  gently 
pressed,  where  necessary,  with  the  fingers  until 
it  adheres  perfectly  to  the  funnel  ;  the  upper 
edge  of  the  filter  especially  requires  to  be  care- 
fully pressed  against  the  glass  in  this  way.  The 

filter  is  now  tested,  by  filling  it  with  distilled  water  and  setting  the 
pump  in  action.  If  the  paper  fits  properly,  and  has  been  pressed  into 
contact  with  the  funnel,  no  air-bubbles  will  be  sucked  down  the  neck 
of  the  funnel  until  the  whole  of  the  water  has  passed  through  the 
filter.  Any  air-leakage  must  be  stopped 
by  pressing  the  paper  against  the  funnel 
where  such  leakage  occurs. 

The  aspirator  may  be  replaced  by  other 
forms  of  apparatus  for  producing  suction. 
A  common  hand-syringe  may  be  used,  but 
this  is  liable  to  be  attacked  by  acid  vapours 
if  it  is  made  of  brass. 

Besides  expediting  the  filtration  and 
washing  of  precii)itates,  such  an  arrange- 
juent  also  enables  the  precipitate  to 
be  dried  to  a  great  extent  by  suck- 
ing air  through  it  after  the  liquid  has 
passed  away. 

A  Special  Form  of  Receiver  is  repre- 
sented in  fig.  54  to  serve  as  a  substitute  for 
the  conical  flask.  It  consists  of  an  ordi- 
nary separating  funnel,  F,  which  is  closed 
with  a  doubly  perforated  rubber  stopper. 
One  perforation  carries  the  funnel,  which 
is  used  for  filtration.    Into  the  other  is 

inserted  a  branched  tube,  one  limb  of  which  (J)  is  connected  with  the 
filter-pump,  while  the  other  (a)  can  be  opened  to  the  atmosphere  by 
turning  ^the  stopcock.    The  use  of  this  receiver  renders  it  possible  to 
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withdraw  a  portion  of  the  filtrate  during  the  process  of  filtration,  by 
opening  simultaneonsly  the  stopcocks  at  a  and  at  c  and  stopping  the 
action  of  the  filter-pump. 


Dbcantation  prom  a  Precipitate. 

94.  The  Process  of  Decantation  serves  to  separate 
precipitates,  which  settle  rapidly  from  the  Hquid,  without 
the  use  of  a  filter. 

For  this  purpose,  the  vessel  containing  the  liquid  and  pre- 
cipitate is  allowed  to  stand  until  the  precipitate  has  settled. 
The  liquid  is  then  carefully  poured  off,  or  decanted,  by 
gently  inclining  the  vessel.  A  wetted  glass  rod,  pressed 
against  the  edge  or  hp  of  the  vessel  (fig.  55),  helps  to 
prevent  the  precipitate  from  being  disturbed  while  the  liquid 
is  flowing  away  from  it. 

The  process  of  decantation,  if  it  is  carefully  performed, 
will  serve  to  separate  the  Hquid  in  a  clear  condition  almost 
completely  from  a  heavy  precipitate. 

Experiment  73. — Add  hoiling  dilute  sulphuric  acid  to 
some  boiling  solution  of  barium  chloride.    A  heavy  precipi- 

FiG.  55. 


Decantation  of  a  Liquid. 


tate  of  barium  sulphate  will  be  formed.  This  precipitate 
may  be  readily  separated  from  the  Hquid  by  decantation. 
Keep  the' precipitate  in  the  test-tube  for  future  use. 
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Washing  the  Precipitate, 

95.  The  Washing  of  a  Precipitate,  which  has  been 
separated  from  the  Hquid  in  which  it  was  suspended,  is 
usually  necessary  in  order  to  free  the  precipitate  from  the 
adhering  solution. 

If  the  precipitate  has  been  filtered,  it  is  washed  upon  the 
filter  (96) ;  if  it  has  been  separated  by  decantation,  it  is 
usually  washed  by  decantation  (97)- 

96.  Washing  the  Precipitate  on  the  Filter. — The  fol- 
lowing directions  will  serve  to  explain  how  this  process  is 
carried  out,  and  will  indicate  what  precautions  should  be 
observed  in  order  to  secure  success.  The  washing  process 
may  be  hastened  by  employing  the  devices  which  have  been 
already  described  in  par.  93. 

Experiment  74. — Support  the  funnel,  which  contains 
the  filter  and  the  barium  carbonate  precipitate  from  Exp. 
72,  in  a  filter-stand  above  a  beaker  or  flask  (fig.  49,  p.  70). 
Blow  into  the  filter  a  fine  stream  of  hot  distilled  water 
from  the  wash -bottle  (I2),  so  directing  the  jet  as  to  stir  up 
the  precipitate.  Fill  the  paper  with  water  to  within  a  short 
distance  from  its  edge.  Let  this  water  run  through  perfectly. 
Then  nearly  fill  the  filter  again  in  the  manner  just  described. 
Repeat  this  process  three  or  four  times;  letting  the  water 
run  through  completely  each  time  before  adding  a  fresh 
quantity. 

The  precipitate  and  the  filter  will  probably  now  be  free 
from  everything  soluble  in  water,  and  the  water  which 
passes  through  the  filter  will  therefore  be  tasteless.  Ascer- 
tain whether  the  washing  is  complete,  by  collecting  the  last 
few  drops  of  the  washing-water  in  a  clean  test-tube,  and  test- 
ing whether  it  contains  any  chloride  by  adding  to  the  liquid 
a  drop  of  silver  nitrate  solution.  No  turbidity  must  be  pro- 
duced. If  turbidity  appears,  the  washing  must  be  continued, 
and  the  washing-water  must  be  tested  again.  The  process  of 
washing  must  be  continued,  until  silver  nitrate  produces  no 
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turbidity  when  it  is  added  to  the  last  portions  of  the  water 
running  from  the  funnel. 

97.  Washing  the  Precipitate  by  Decantation. — This 
method  is  a  quick  and  easy  one  with  a  suitable  precipitate. 

Experiment  75. — The  precipitate  of  barium  sulphate  from 
Exp.  73  may  be  washed  by  decantation  as  follows. 

Hot  water  is  poured  into  the  vessel  containing  the  pre- 
cipitate, and  the  water  is  shaken,  stirred,  or  boiled  with 
the  precipitate,  which  is  then  allowed  to  settle.  As  soon  as 
the  water  has  become  clear,  it  is  poured  off  as  completely  as 
possible  in  the  way  shown  in  fig.  55  (94). 

By  repeating  this  washing  process  several  times,  with  the 
addition  of  fresh  portions  of  boiling  distilled  water,  the  pre- 
cipitate may  be  entirely  freed  from  the  adhering  solution. 

While  the  washing- water  is  being  poured  off,  it  should  be 
occasionally  tested  with  blue  litmus-paper,  in  order  to  ascer- 
tain when  it  ceases  to  redden  the  paper  and  is  therefore 
proved  to  be  free  from  acid.  As  soon  as  the  washing-water 
is  quite  free  from  acid,  the  precipitate  may  be  considered  to 
be  thoroughly  washed. 

It  is  usual  to  Ascertain  when  the  Washing  of  a  Pre- 
cipitate is  Complete,  by  testing  the  washing-water  for  some 
soluble  substance  which  is  being  removed  by  the  washing. 
That  substance  is  usually  tested  for  which  is  most  readily 
detected.  Experiments  74  and  75  serve  to  illustrate  this 
statement. 


Drying  the  Precipitate. 

98.  A  Precipitate  may  be  Dried  by  placing  the  funnel 
in  a  hollow  tin  cone  or  cylinder,  called  o.  filter-dryer  (fig.  56). 
The  filter-dryer  is  then  either  supported  on  a  piece  of  iron 
wire-gauze  upon  a  tripod-stand  over  the  flame  of  a  rose- 
burner  turned  very  low,  or  it  is  placed  upon  a  heated  iron 
plate  or  sand-bath. 
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The  funnel  is  thus  exposed  to  a  current  of  hot  air,  which 
rapidly  dries  the  filter  and  the  precipitate.    Great  care  must 
be  taken  so  to  regulate  the  heat  as  not         ^ig.  56. 
to  char  the  filter. 

The  risk  of  charring  the  paper  may  be 
avoided  by  placing  the  funnel,  in  a  per- 
forated shelf,  in  the  steam  oven.  This 
oven  is  shown  in  the  separate  form  in 
fig.  57,  and  is  seen  combined  with  a 
water-still  in  fig.  92,  par.  II31. 

Fig.  58  shows,  in  section,  the  arrange- 
ment for  maintaining  the  water  in  the 
jacket  of  the  steam-oven  at  a  uniform 
level.    A  further  description  of  the  steam-oven  is  given  in 
paragraph  II32. 


Filter-Dryer. 


Fig.  57. 


Fig.  58. 


CON.STAM" 
WA'IEK-I'EEI). 


Water  Ovk.\. 


The  air-oven  (fig.  59)  may  be  employed  instead  of  the 
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steam-oven,  the  temperature  of  the  interior  being  suitably 
adjusted  by  noting  the  thermometer  and  properly  regulating 
the  flame. 

A  precipitate  may  be  more  rapidly  dried  by  first  draining 
it  in  the  funnel,  and  then  removing  the  filter  and  spreading 
it  upon  a  piece  of  wire-gauze,  which  is  supported  on  the  ring 

Fig.  59. 


Air  Oven. 


of  a  retort-stand  or  upon  a  high  tripod-stand.  A  small 
flame  from  a  rose -burner  is  then  placed  beneath  the  gauze,  at 
a  sufficient  distance  to  prevent  any  risk  of  charring  the  paper. 

A  precipitate  may  be  partially  dried  by  opening  out  the 
filter,  which  contains  it,  upon  several  dry  filter-papers,  and 
allowing  these  papers  to  absorb  the  water.  This  process 
may  precede  those  which  have  been  already  mentioned. 
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Removing  the  Prbcipitatb  pkom  the  Filter. 

99.  Kemoval  of  Part  of  the  Precipitate  from  the  Filter. 

— A  small  quantity  of  a  moist  precipitate  may  be  taken 
from  the  filter  by  dipping  the  end  of  a  glass  rod  into  it.  If 
a  watch-glass,  or  the  interior  of  a  test-tube,  is  then  touched 
with  the  end  of  the  rod,  a  portion  of  the  precipitate  is 
deposited  upon  the  surface  of  the  glass,  and  may  be  subjected 
to  farther  test  or  examination. 

A  larger  quantity  of  the  precipitate  may  be  taken  out  of 
the  filter  by  means  of  a  glass  spatula,  made  by  flattening  out 
the  end  of  a  glass  rod  which  has  been  softened  in  the  flame. 

100.  Removal  of  the  Whole  of  the  Precipitate  from  the 
Filter. — If  the  precipitate  is  to  be  removed  from  the  filter 
as  completely  as  possible,  several  methods  are  available.  One 
or  other  of  those  described  below  under  a,  b,  c,  d,  e,  and  f, 
must  be  chosen  according  to  circumstances. 


(a.)  Washing  down  the  Precipitate  through  the  Neck 
of  the  Funnel.— A  hole  may  be  made  in  the  bottom  of  the 
filter  by  means  of  a  glass  rod,  which  is  pushed  down  through 
the  neck  of  the  funnel.  The  precipitate  is  then  easily 
washed  down  into  a  vessel,  placed  beneath  the  funnel,  by  a 
fine  stream  of  liquid  from  the  wash-bottle. 

(b.)  Washing  out  the  Precipitate  over  the  Rim  of  the 
Funnel. — The  funnel  may  be  hold  with  its  neck  horizontal, 
and  with  its  rim  just  inside  the  edge  of  yig  60 

a  porcelain  dish  (fig.  60).  The  precipi- 
tate is  then  washed  out  of  the  funnel 
by  directing  a  fine  stream  of  water  from 
a  wash-bottle  against  the  inside  of  the 

Wasuing  the  Tke- 

CiriTATE    OUT  OF 

(c.)  Removal  of  the  Filter  with  the     the  Funnel. 
Precipitate  from  the  Fumiel,  followed  by  rinsing  off  the 
Precipitate. — The  precipitate  is  allowed  to  remain  in  the 
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filter  in  the  funnel  for  some  time,  in  order  to  permit  as  much 
water  as  possible  to  drain  away.  The  filter  is  then  care- 
fully taken  out  of  the  funnel,  and  is  further  dried,  if  neces- 
sary, by  laying  it  upon  several  folds  of  filter-paper.  After 
the  portions,  which  contain  no  precipitate,  have  been  re- 
moved, the  filter  is  spread  out  inside  a  porcelain  dish. 

The  liquid,  with  which  the  precipitate  is  to  be  treated,  is 
then  poured  into  the  dish  ;  and  this  liquid  is  shaken  round 
in  the  dish,  and  the  filter  is  carefully  rubbed  with  the 
rounded  end  of  a  glass  rod,  until  the  precipitate  has  been 
removed  from  the  paper.  With  a  little  care  this  may  be 
effected  without  tearing  the  paper.  The  filter-paper  is  then 
removed  from  the  liquid  by  means  of  a  glass  rod. 

(d.)  Removal  of  the  Filter  with  the  Precipitate,  fol- 
lowed by  Scraping  off  the  Precipitate. — If  it  is  undesir- 
able to  add  a  liquid  to  the  precipitate  upon  the  filter,  the 
precipitate  is  allowed  to  drain  for  a  short  time,  and  is  then 
further  drained,  if  necessary,  by  removing  the  filter  from 
the  funnel  and  laying  it  upon  several  dry  filter-papers. 

The  filter  is  then  spread  out  upon  a  flat  piece  of  glass,  and 
the  precipitate  is  carefully  scraped  ofi'  with  a  glass  rod 
which  is  pressed  flat  upon  the  paper,  or  with  a  small  glass 
spatula  (99)- 

This  method  is  usually  the  most  imperfect,  but  is  fre- 
quently the  best  for  other  reasons. 

(e.)  Removal  of  the  Precipitate  by  Dissolving  it  in  the 
Filter. — If  a  precipitate  is  to  be  dissolved  off"  the  filter,  the 
liquid,  which  is  to  be  used  as  a  solvent,  is  heated,  and  is 
then  poured  upon  the  precipitate.  The  solvent  will  run 
through  the  filter  into  a  vessel  placed  below  the  funnel,  and 
will  take  with  it  the  precipitate  in  solution. 

After  the  liquid  has  passed  through  the  filter,  it  should 
be  heated  again  and  once  more  poured  upon  the  precipitate, 
if  the  latter  is  not  entirely  dissolved.  The  liquid  is  reheated 
and  returned  to  the  filter  in  this  way  as  16ng  as  anything 
remains  undissolved.    If  any  portion  of  the  precipitate  still 
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remains,  it  must  be  removed  by  using  a  fresh  portion  of  the 
solvent. 

Experiment  76. — Remove  in  this  way  the  precipitate  of 
barium  carbonate  (Exp.  74)  from  the  filter,  by  means  of  hot 
dilute  hydrochloric  acid. 

(f.)  Removal  of  the  Precipitate  by  Rinsing  it  through 
the  Filter  with  the  Solvent. — A  precipitate  may  also  be 
removed  from  the  filter,  by  means  of  the  liquid  with  which 
it  is  to  be  treated  or  dissolved,  in  the  following  manner. 

The  funnel  is  supported  over  a  suitable  vessel.  The  liquid 
is  poured  in  and  is  quickly  stirred  up  with  the  precipitate  by 
means  of  a  thin  glass  rod.  The  bottom  of  the  filter  is  then 
pushed  out  through  the  neck  of  the  funnel  by  the  glass  rod. 
The  liquid  will  now  flow  through  the  neck  of  the  funnel, 
carrying  the  precipitate  with  it. 

If  some  of  the  precipitate  remains  on  the  filter,  the  liquid 
must  be  poured  again  through  the  funnel,  and  by  repeating 
this  process  all  the  precipitate  may  be  removed. 


Use  of  Test-papers. 

101.  Litmus  and  Turmeric  Test-papers. — The  two  vege- 
table colouring  substances,  litmui^  and  turmeric,  undergo 
marked  changes  of  colour  when  they  are  acted  upon  by 
certain  substances.  These  changes  serve  to  indicate  whether 
a  liquid  or  gas  is  acid,  or  alkaline  \  if  no  change  occurs  it 
may  be  inferred  to  bo  neutral. 

The  analyst  is  usually  provided  with  slips  of  paper  which 
have  been  stained  with  solutions  of  these  colouring  sub- 
stances. These  slips  of  paper  are  known  as  test-papers.  The 
different  papers  are  easily  distinguished  by  their  colours.  The 
following  experiments  will  explain  their  use. 

102.  Acid,  Alkaline,  or  Neutral  Reaction  in  a  liquid  is 
ascertained  by  the  behaviour  of  the  liquid  with  these  test- 
papers. 

F 
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Experiment  77. — Dip  a  clean  dry  glass  rod  successively 
into  dilute  hydrochloric  acid,  into  ammonium  hydrate  solu- 
tion, and  into  barium  chloride  solution.  After  each  immer- 
sion  of  the  rod,  draw  its  end,  wetted  with  the  solution, 
successively  across  blue  litmus-paper,  red  litmus-paper,  and 
yellow  turmeric-paper.  The  following  results  will  be  ob- 
tained. 

Hydrochloric  acid  Avill  redden  blue  litmus,  but  will  not 
alter  the  colour  of  red  litmus  or  of  turmeric  :  it  possesses  an 
acid  reaction. 

Ammonium  hydrate  solution  will  not  affect  the  colour  of 
blue  Htmus,  but  will  turn  red  Htmus  blue  and  turmeric 
brown :  it  shows  alkaline  reaction. 

Barium  chloride  solution  will  not  affect  the  colour  of  any 
one  of  the  test-papers :  it  is  neutral. 

Each  of  these  liquids  is  typical  of  a  large  class  of  sub- 
stances, in  so  far  as  its  behaviour  with  these  test-papers  is 
concerned. 

103.  Neutralisation :  Addition  of  Acid  or  of  Alkali 
in  Excess. — It  is  occasionally  necessary  to  exactly  neutralise 
an  acid  liquid  by  means  of  an  alkaline  liquid  or  vice  versd. 
The  acid  or  alkali  must  also  often  be  added  in  excess.  The 
following  experiment  explains  how  these  processes  are 
effected. 

Experiment  78. — Pour  some  dilute  hydrochloric  acid  into 
a  porcelain  dish.  Add  solution  of  ammonium  hydrate  drop 
by  drop,  constantly  stirring  the  liquid  with  a  glass  rod  and 
touching  the  wet  end  of  the  rod  against  a  piece  of  blue 
litmus-paper. 

By  proceeding  cautiously,  a  point  may  be  reached,  at 
which  the  liquid  does  not  affect  the  colour  of  either  blue 
or  red  litmus-paper;  the  acid  is  then  said  to  have  been 
neutralised  by  the  alkaline  liquid.  The  latter  part  of  the 
process  of  neutralising  the  acid  liquid  should  be  completed 
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by  the  addition  of  the  alkaline  solution  in  a  very  dilute  con- 
dition, since  the  addition  of  an  excess  of  the  alkaline  solution 
is  thus  more  readily  avoided. 

Add  another  drop  of  ammonium  hydrate :  the  liquid  will 
now  have  acquired  an  alkaline  reaction :  the  alkaline  solution 
is  now  said  to  have  been  added  in  excess. 

It  will  be  easily  imderstood  from  the  above  description 
how  an  alkaline  solution  may  be  neutralised  by  the  addition 
of  an  acid,  and  how  it  may  be  acidified  by  the  addition  of  an 
acid  in  excess. 

104.  General  Remarks  on  Test-papers. — In  selecting 
between  red  litmus  and  turmeric  test-papers  for  the  detection 
of  alkaline  reaction,  it  should  be  remembered  that  turmeric- 
paper  is  usually  more  sensitive  than  red  litmus-paper,  since 
red  litmus-paper  frequently  contains  an  excess  of  acid.  The 
yellow  colour  of  turmeric,  however,  fades  quickly  when  it  is 
exposed  to  daylight,  and  the  test-paper  must  therefore  be 
protected  from  daylight. 

A  turbid  liquid  will  often  form  a  deposit  when  it  is  placed 
upon  the  test-paper,  and  this  may  conceal  the  colour  of  the 
paper.  The  colour  will,  however,  usually  be  visible  on  the 
back  of  the  jxiper,  if  it  is  unglazed.  If  the  paper  is  glazed, 
the  colour  will  be  easily  seen  after  the  deposit  has  been 
washed  off  by  a  stream  of  distilled  water  from  the  wash- 
bottle. 

Test-papers  must  always  be  kept  in  a  stoppered  bottle,  in 
order  to  guard  them  against  undergoing  change  by  the  action 
of  gases  contained  in  the  laboratory  air.  The  bottle  should 
be  shielded  from  light  as  much  as  possible,  since  these  vege- 
table colours  fade  under  tlie  action  of  strong  daylight. 


84 


SIMPLE  IGNITION. 


[105, 


Simple  Ignition. 

105.  Solid  Substances  are  Heated  strongly,  or  Ignited, 
in  order  to  study  the  effect  of  heat  upon  them,  since  by  this 
means  their  composition  or  nature  is  frequently  revealed  more 
or  less  completely.  Ignition  also  serves  to  remove  volatile 
from  non-volatile  substances. 

It  is  a  necessary  condition  of  the  process  of  simple  ignition 
that  the  substance,  which  is  being  heated,  shall  suffer  change 
only  by  heat.  It  must  not  undergo  chemical  alteration  by 
contact  either  with  the  flame,  or  with  the  substance  of  the 
vessel  or  support,  or  by  admixture  with  chemical  reagents. 

Experiment  79. — Heat  some  white  zinc  oxide  in  a  small 
ignition-tube  (8).  The  hot  substance  will  be  lemon-yelloio, 
but  the  colour  will  change  to  wliite  again  as  the  oxide  cools. 
These  changes  of  colour  are  characteristic  of  zinc  oxide. 

In  the  early  stage  of  the  heating,  drops  of  water  will 
probably  condehse  in  the  upper  part  of  the  tube :  this  proves 
that  moisture  was  present  in  the  oxide.  Ignition  in  a  tube 
is  often  employed  to  detect  the  presence  of  water  in  a  sub- 
stance. 

Experiment  80. — Heat  a  little  mercuric  oxide  in  a  small 
test-tube  or  ignition-tube.  After  a  short  time  minute  shining 
drops  of  the  metal  mercury  will  be  seen  in  the  upper  part  of 
the  tube.  If  a  splinter  of  wood  with  a  spark  at  its  end  is 
now  held  in  the  tube,  it  will  burst  into  flame.  The  behaviour 
of  this  red  powder,  when  it  is  ignited,  shows  that  it  contains 
the  elements  mercury  and  oxygen  (25). 

Experiment  81. — Heat  a  few  particles  of  charcoal 
powder  on  platinum  foil,  by  directing  the  tip  of  the  blow- 
pipe-flame against  the  under  surface  of  the  foil.  The 
charcoal  will  slowly  burn  away.  This  behaviour  shows 
that  the  black  substance  consists  of  carbon. 

Experiment  82. — Heat  a  small  piece  of  ammonium 
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chloride  in  an  ignition-tube.  The  ammonium  chloride  will 
pass  off'  as  vapour  or  volatilise,  and  the  vapour  will  cool  in 
the  upper  part  of  tlie  tube  and  will  form  a  coating  or  suh- 
limate.    This  proves  that  the  salt  is  volatile. 

ExPEiUMRNT  83. — Heat  in  the  same  w-^.y  a  small  piece  of 
potassium  chloride.  This  will  melt,  but  will  not  pass  off  as 
vapour.  It  will  become  solid  again  on  cooling.  Potassium 
chloride  is  only  very  slightly  volatile. 

Hence  if  a  mixture  of  ammonium  chloride  and  potassium 
chloride  is  heated  on  platinum  foil,  the  potassium  chloride 
alone  will  be  left  in  the  residue,  since  the  ammonium  chloride 
will  be  removed  as  vapour. 

If  the  quantity  of  the  substance  to  be  ignited  is  large,  it 
is  usually  heated  in  porcelain  or  in  platinum  vessels  over  the 
Bunsen-flame  or  the  Fletcher-flame  (fig.  80,  1076). 

Small  quantities  of  substance  may  be  conveniently  ignited 
in  little  porcelain  or  platinum  capsules  over  a  Wallace- 


FiG.  61.  Fig.  62. 


Ignition  ovek  the  Wallace-Burner. 


Argand  burner  from  which  the  gauze  top  has  been  removed 
(figs.  61,  62). 

The  luminous  flame  must  not  be  allowed  to  touch  the 
capsule. 
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Treatment  with  Fused  Eeagents. 

io6.  A  Substance  is  often  Heated  with  certain  Solid 
Reagents  until  they  fuse,  in  order  to  cause  chemical  changes 
to  occur  between  the  substance  and  the  reagents. 

Experiment  84.— Mix  a  little  barium  sulphate,  which  is 
insoluble  in  water  and  in  acids,  with  sodium  and  potassium 
carbonates,  and  heat  the  mixture  on  platinum  foil  until  the 
alkahne  carbonates  fuse.  Maintain  the  salts  in  a  fused  con- 
dition for  several  minutes.  The  following  change  will  have 
taken  place : — 

BaSO^  +  NagCOa  =  BaCOg  +  Na^SO^ . 

Now  treat  the  cool  product  of  the  fusion  with  water. 
Sodium  sulphate  will  be  dissolved.  Separate  the  residual 
barium  carbonate  by  filtration,  and  wash  it.  Then  treat  it 
with  dilute  HCl :  the  insoluble  carbonate  will  dissolve  as 
chloride.  The  original  barium  sulphate  is  thus  obtained  in 
solution  as  chloride. 

Substances  which  cannot  be  dissolved  in  water  or  in  acids 
may  frequently  be  obtained  in  solution  in  a  similar  way  to 
that  just  described.  The  mixture  of  alkaline  carbonates, 
which  is  used  for  the  purpose,  is  generally  known  as  "  fusion 
mixture." 

Sometimes  the  treatment  with  fused  reagents  yields  a 
characteristic  result,  which  serves  to  detect  the  presence  of 
a  substance. 

Experiment  85.— Place  a  httle  powdered  sodium  car- 
bonate and  potassium  nitrate  on  a  piece  of  platinum-foil, 
and  then  add  a  minute  quantity  of  manganese  dioxide. 
Hold  the  foil  with  crucible-tongs  in  the  top  of  the  Bimsen- 
flame,  or  heat  the  wuler  surface  of  the  foil  with  the  point  of 
the  blowpipe-flame.  The  mass  will  soon  melt  or  fuse.  Keep 
the  substances  in  a  melted  state  for  a  short  time,  and  then 
allow  the  mixture  to  cool. 
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A  bluish-green  mass  will  remain  upon  the  foil,  the  colour 
of  Avhich  is  due  to  the  sodium  manganate  which  has  been 
formed  by  the  fusion.  This  colour  is  produced  only  when 
manganese  is  present,  and  the  above  process  therefore  serves 
as  a  test  for  that  metal. 

In  the  above  experiments  (79-85)  the  gases  of  the  flame 
are  not  allowed  to  take  any  part  in  the  change  which  is 
described.  Tn  other  cases  of  ignition,  which  immediately 
follow,  the  tiara e  gases  aid  in  producing  the  reaction. 


Flame  reactions  with  Reagents. 

107.  The  Gases  of  the  Blowpipe-flame  (6)  or  of  the 
Bunsen-fiame  may  play  the  part  of  Reagents  in  affecting 
the  composition  of  the  substance  which  is  being  heated.  In 
order  to  understand  the  nature  of  these  changes  the  structure 
of  the  flame  must  be  carefully  observed. 

In  a  well-formed  blowpipe-flame  or  Bunsen-flame  two 
parts  may  be  distinguished  :  the  inner-jiame,  which  is  blue 
and  pointed ;  and  around  and  beyond  this  an  almost  colour- 
less iiame,  which  is  commonly  known  as  the  outer-flame. 

The  Inner-flame  is  often  called  the  reducing  or  the  de- 
oxidising flame,  because  it  separates  or  reduces  metals  from 
their  oxides  and  from  many  of  their  compounds,  and  in 
general  deoxidises  substances.  This  deoxidising  power  is 
due  to  the  action  of  the  hot  but  incompletely  burnt  com- 
bustible matter,  which  is  present  in  this  part  of  the  llame. 

The  inner-flame  is  obtained  of  large  size  by  placing  the  tip 
of  the  blowpipe-nozzle  only  in  the  very  edge  of  the  flame, 
which  has  been  made  somewhat  luminous  by  partially  closing 
the  air-holes  of  the  Bunsen-burner. 

The  Outer-flame  is  also  known  as  the  oxidising-flame, 
because  it  changes  metals  into  their  oxides,  and  oxidises 
many  other  substances,  by  supplying  them  with  oxygen  at  a 
high  temperature. 
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The  size  of  the  outer-flame  is  increased  by  pushing  the 
nozzle  of  the  blowpipe  into  the  interior  of  a  Bunsen-flame, 
which  has  been  rendered  partially  luminous  by  properly 
adjusting  the  air-supply. 

In  the  following  processes  the  results  obtained  will  usually 
vary  when  the  substance  is  heated  in  the  inner-flame  or  in 
the  outer-flame. 

I08.  The  Borax-bead — Fusion  with  Borax. — When  cer- 
tain metals  and  their  compounds  are  fused  with  borax,  they 
are  converted  into  coloured  borates.  The  colour  of  each  of 
these  borates  is  characteristic,  either  in  itself  or  in  the 
changes  which  it  undergoes  in  the  outer  and  inner  flames. 

The  method  of  making  the  borax-bead  is  explained  in 
Exp.  86.    Its  use  for  testing  is  illustrated  by  Exp.  87. 

Experiment  86. — Place  a  little  powdered  borax  on  a 
watch-glass.  Moisten  the  loop  of  a  piece  of  mounted 
platinum-wire  (9),  and  dip  it  into  the  borax.  Then  hold 
the  loop  with  the  adhering  powder  in  the  outer  blowpipe- 
flame  until  the  borax  melts. 

If  the  bead  thus  formed  does  not  fill  the  loop,  dip  the 
melted  bead  again  into  the  borax ;  more  powder  will  adhere 
and  may  be  melted  in  the  flame.  In  this  way  powder  is  to 
be  constantly  added,  until  a  drop  or  bead  is  obtained  which 
completely  fills  the  loop.  This  bead  must  be  perfectly 
colourless  and  transparent  when  it  is  cold. 

If  the  melted  bead  easily  drops  from  the  wire,  either  the 
loop  or  the  bead  is  too  large.  A  loop  which  is  somewhat 
less  than  an  eighth  of  an  inch  across  answers  well ;  it  may  be 
made  by  rolling  the  tip  of  the  wire  round  a  piece  of  stout 
wire.  If  the  bead  is  too  large,  remove  a  portion  of  it  by 
giving  the  wire  a  slight  jerk  while  the  borax  is  in  a  fused 
condition. 

If  the  bead  thus  formed  shows  any  colour,  it  is  jerked  off 
while  it  is  in  a  fused  condition,  and  another  bead  is  made 
from  fresh  borax.    This  process  is  repeated,  if  necessary, 
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until  a  bead  is  obtained,  which  is  colourless  after  it  has 
been  heated  in  tlie  outer  blowpipe-flame. 

Experiment  87. — Moisten  the  clear  cold  borax-bead,  and 
dip  it  into  some  linely-powdered  manganese  dioxide ;  a  few 
viiimte  })artides  only  are  to  be  thus  attached  to  the  bead. 
Then  fuse  this  substance  into  the  bead,  by  heating  it  for  a 
short  time  in  the  tip  of  the  outer  blowpipe-flame.  Examine 
the  colour  of  the  bead  at  once  by  looking  through  it  at  a 
piece  of  white  paper,  or  at  a  window-light,  or  a  bright  flame. 
It  will  be  purple  or  amethyst-red  while  hot,  and  the  colour 
will  not  alter  when  the  bead  has  cooled, 

Now  heat  the  bead  again  for  some  time  in  the  tip  of  the 
inner  blowpipe-flame.  Its  colour  will  vanish.  The  colour 
will,  however,  reappear  when  the  bead  is  heated  at  the  tip  of 
the  outer  blowpipe-flame.  These  changes  of  colour  in  the 
borax-bead  characterise  the  metal  manganese. 

General  Eemarks  on  the  Borax-bead.— A  beginner  often  obtains  an 
opaque  bead  iu  the  above  exiierimcut.  This  is  caused  by  tlie  use  of  too 
much  manganese  oxitle.  If  this  should  happen,  the  bead  should  be 
fused  again,  and  a  portion  of  it  should  be  shaken  off  and  replaced  by 
fresh  borax. 

"When  the  test  with  the  borax-bead  is  finished,  the  bead  is  detached, 
while  it  is  still  fused,  by  giving  the  wire  a  sudden  jerk.  The  bead 
may  also  be  removed,  after  it  has  cooled,  by  crushing  it  on  a  hard  flat 
surface  by  a  sharp  blow  with  the  pestle. 

Two  mounted  platinum -wires  should  be  kept,  and  their  loops  should 
always  be  immersed  in  dilute  hydrochloric  acid,  when  the  wires  arc  not 
iu  use.  They  will  then  only  require  to  be  washed  with  water  before 
they  are  employed  for  the  above  test. 

109.  The  Microcosmic-bead.— Certain  substances  give  more  decisive 
colorations  to  a  fused  bead  of  microcosmic  salt  (NaNH^HPOj.lH.p)  in 
the  platinum-wire  loop  than  to  a  bead  of  borax  prepared  as  has  been 
described  in  the  preceding  paragraph.  The  platinuni-wirc  loop  for 
this  test  must  be  made  smaller  than  for  borax,  else  the  bead  drops  out 
of  the  loop. 

no.  Ignition  on  Charcoal  in  the  Blowpipe-flame.— 

Wood-charcoal  is  often  employed  as  a  support  for  substances 
which  are  to  be  strongly  heated  in  the  blowpipe-flame.  It 
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possesses  the  advantage  of  being  cheap  and  infusible,  and  of 
being  a  very  poor  conductor  of  heat.  ' 

Charcoal  is  often,  however,  selected  for  this  use  on  account 
of  the  reducing  or  deoxidising  power  which  it  can  exert  at  a 
high  temperature.  This  renders  it  entirely  unsuitable  for 
oxidising  processes  such  as  that  described  in  Exp.  85  (lo6). 

Ignition  on  charcoal,  therefore,  serves  chiefly  to  detect  the 
presence  of  the  heavier  metals  in  their  compounds.  These 
are  smelted  out  by  the  reducing  action  of  the  inner  blowpipe- 
flame,  aided  by  that  of  the  red-hot  charcoal.  The  assistance 
of  fused  reagents  is,  however,  often  necessary,  or  at  least 
advantageous. 

The  vapours  of  some  metals,  which  have  been  thus  smelted 
out,  burn  as  they  leave  the  charcoal,  and  the  metallic  oxides 
thus  formed  are  deposited  as  incrustations.  The  white  ash, 
which  is  left  by  combustion  of  the  charcoal,  must  not  be 
mistaken  for  such  an  incrustation. 

Experiment  88. — Choose  a  piece  of  wood-charcoal  which 
is  free  from  large  cracks,  and  which  does  not  crackle  or  spit 
when  it  is  heated  in  the  blowpipe-flame.  Scoop  out  a  small 
hollow  near  one  end  of  it,  with  a  knife  or  with  a  charcoal- 
borer. 

Place  in  this  cavity  a  little  powdered  lead  acetate  and 
sodium  carbonate,  and  mix  the  powders  together  in  the 
cavity  with  the  point  of  a  penknife. 

Heat  this  mixture  in  the  inner  blowpipe-flame,  holding 
the  charcoal  in  such  a  way  that  the  flame  plays  over  its  sur- 
face (fig.  63). 

Bright  globules  of  lead  will  soon  be  visible  in  the  cavity ; 
and  when  the  charcoal  is  removed  from  the  flame,  the  sur- 
rounding surface  will  be  found  to  be  coloured  with  a  yelloiv 
incrustation. 

Take  one  of  the  little  globules  of  metal  from  the  charcoal 
with  the  point  of  a  penknife,  and  strike  it  smartly  with  the 
pestle  on  the  bottom  of  the  inverted  mortar.  It  will  flatten 
out  into  a  cake,  showing  that  the  metal  is  malleable  and  not 
brittle. 
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Detach  another  metallic  globule,  cleanse  it  from  charcoal 
by  rolling  it  between  the  moistened  finger-tips,  transfix  it  on 
the  point  of  the  penknife  blade,  and  rub  it  on  some  paper. 
It  will  be  found  to  mark  paper  as  black-lead  does. 

Lead  compounds  are  characterised  by  giving  a  yellow 
incrustation,  and  malleable  globules  which  are  soft  enough  to 


Fig.  63. 


Ignition  on  Charcoal. 


mark  paper,  when  they  are  subjected  to  this  test  on  charcoal. 
The  test  therefore  serves  to  detect  the  presence  of  lead  in  its 
compounds. 

III.  Washing  and  Levigation  of  the  Residue  left  on 
the  Charcoal. — Metallic  globules,  which  have  been  obtained 
according  to  the  directions  given  in  the  preceding  experi- 
ment, are  usually  visible,  at  least  with  the  aid  of  a  lens. 
They  are  also  easily  detached  from  the  charcoal. 

But  fine  metallic  particles  or  scales  can  often  only  be 
detected  and  separated,  after  the  fused  residue  has  cooled 
and  has  been  detached  from  the  charcoal  with  the  point  of  a 
penknife,  and  has  then  been  washed  by  levigation. 

With  this  object,  the  residue  is  crushed  in  a  mortar,  or  in  a 
porcelain  dish,  with  a  little  water.    The  water  is  then  quickly 
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decanted  down  the  wet  pestle,  which  is  pressed  against  the 
edge  of  the  vessel  (fig.  64).  The  light  suspended  particles 
of  charcoal,  together  with  soluble  substances,  are  thus  poured 
off;  while  the  heavier  and  insoluble  metallic  particles  are 
left  in  the  vessel.    By  repeating  this  process  of  levigation, 


the  metal  may  be  obtained  free  from  soluble  substances  and 
from  charcoal ;  it  may  then  be  further  examined  by  a  lens, 
or  may  be  tested  with  a  magnet  or  by  other  means. 

It  may  be  noted  that  the  addition  of  a  piece  of  potassium 
cyanide  to  the  mixture,  before  it  is  heated  on  the  charcoal, 
will  usually  much  facilitate  the  process  of  smelting  out  the 
metal,  and  will  assist  in  bringing  it  into  the  globular  condi- 
tion. 

Experiment  89. — Fuse  some  sodium  carbonate  with  a 
little  copper  sulphate  on  charcoal  in  the  inner  blowpipe-flame, 
and  levigate  the  residue  as  is  directed  above.  Little  red 
scales  of  copper  will  be  obtained. 

ExpEBiMENT  90. — Treat  in  the  same  way  a  mixture  of 
ferrous  sulphate  and  sodium  carbonate.  A  grey  poivder,  con- 
sisting of  metallic  iron,  will  remain.  When  this  powder 
is  touched  under  water  with  the  point  of  a  magnetised  pen- 
knife, it  will  attach  itself  in  the  form  of  a  tuft  to  the  point. 


Fig.  64. 


Washikg  by  Levigation. 
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Flame  Colorations. 

112.  Characteristic  Colours  are  imparted  to  a  Non-lumi- 
nous Flame  by  the  vapours  which  many  substances  emit  at 
a  high  temperature. 

The  blowpipe-Hame  may  be  employed  to  obtain  these 
colorations.  A  Bunsen-flame  also  answers  the  purpose 
well,  but  on  account  of  the  lower  temperature  of  this  flame, 
many  colorations  are  not  obtained  with  promptness  or 
intensity. 

When  the  Bunsen-flame  is  used  for  this  purpose,  it  may  be 
partly  surrounded  with  a  conical  chimney,  which  steadies 
the  flame  considerably  (figs.  65,  66,  67).  The  supply  of 
air,  entering  by  the  air-holes,  should  be  so  regulated,  that  a 
small  luminous  point  appears  near  the  top 
of  the  flame.  The  platinum  wire  is  held 
either  in  this  luminous  point  or  just  below  it. 

Experiment  91. — Heat  a  platinum  wire 
loop,  which  is  not  more  than  an  eighth  of  an 
inch  in  diameter,  in  the  inner  blowpipe-flame. 
If  the  wire  is  clean,  it  will  become  red  hot 
without  colouring  the  flame. 

If  the  wire  colours  the  flame,  it  must  be  Bunsen- 
boiled  with  hydrochloric  acid  in  a  test-tube    'hhinkr  with 
and  then  rinsed  well  with  water.    Or  it  may  t/HiMNKv. 
be  wetted  with  strong  hydrochloric  acid,  and  then  heated 
strongly  in  the  blowpipe-flame  until  it  no  longer  colours 
the  flame.     If  the  loop  cannot  be  cleansed  in  this  way,  the 
end  of  the  wire  must  be  cut  off",  and  a  fresh  loop  must  be 
formed. 

Kow  dip  the  wire-loop  into  a  little  sodium  chloride  solu- 
tion on  a  watch-glass.  When  the  loop  is  removed,  it  must 
remain  filled  by  a  drop  of  the  solution.  Then  hold  the  loop 
at  the  tip  of  the  inner  blowpipe-flame.  The  outer  flame 
will  be  coloured  bright  yellow. 

Kepeat  the  experiment,  placing  the  loop  containing  the 
solution  in  the  outer  part  of  the  Bunsen-flame,  about  half- 
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way  between  its  base  and  top.  The  same  yellow  tint  will 
be  seen  above  the  loop. 

This  yellow  coloration  is  given  to  the  flame  only  by 
sodium  and  by  its  volatile  compounds.  On  looking  at  it 
through  the  indigo-prism,  no  yellow  coloration  will  be  visible. 

Experiment  92.— Eemove  all  sodium  chloride  from  the 
platinum  wire  loop,  by  heating  it  strongly  in  the  tip  of  the 
blowpipe-flame  as  long  as  it  imparts  any  colour  to  the  flame. 
Then  dip  the  wire  loop  into  some  solution  of  pure  potassium 
nitrate.  This  will  impart  to  the  flame  a  pale  lilac  colour, 
which  is  characteristic  of  potassium  and  its  compounds. 
When  this  coloration  is  viewed  through  the  indigo-prism,  it 
will  appear  crimson. 

Experiment  93. — Now  dip  the  wire  loop  into  a  mixture  of 
a  few  drops  of  the  sodium  chloride  solution  with  a  few  drops 
of  the  potassium  nitrate  solution,  which  has  been  made  on  a 
watch-glass.  When  the  loop  is  held  in  the  flame  the  sodium 
coloration  only  will  be  seen.  But  if  this  coloration  is  then 
viewed  through  the  indigo-prism,  the  crimson  potassium 
coloration  will  be  seen  distinctly.  By  means  of  the  indigo- 
prism  the  potassium  coloration  is  therefore  discoverable,  even 
when  it  is  concealed  by  that  of  sodium. 


The  Spectroscope. 

113.  The  Spectra  fm-nished  by  the  Spectroscope  afi'ord 
the  most  certain  means  of  detecting  substances  by  means  of 
their  flame-colorations,  more  especially  when  the  colorations 
due  to  several  substances  are  mingled  in  the  flame. 

When  the  coloured  light  from  the  flame-coloration  passes 
through  the  spectroscope,  it  is  separated  into  its  constituent 
colours  by  traversing  a  glass  prism.  The  coloured  lines, 
which  are  seen,  as  the  result  of  this  separation,  are  termed 
the  spectrum  of  the  substance.  By  their  colours  and  relative 
positions  they  serve  to  identify  the  substance  with  certainty.. 
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This  is  equally  true  whether  the  flame-coloration  is  pro- 
duced by  one  substance  only,  or  by  several;  since  the 
constituent  colours  are  in  any  case  seen  without  interference 
one  with  another. 

Two  forms  of  spectroscope  are  in  common  use  for 
chemical  analysis.  The  Direct-vision  Spectroscope,  which  is 
shown  ready  for  use  in  fig.  66,  is  recommended  by  its  com- 
pactness and  its  portability.  In  its  smallest  form  it  can  be 
carried  in  the  waistcoat  pocket.  The  Bunsen  or  Table 
Spectroscope,  shown  in  fig.  67,  is  to  be  preferred  for  general 
use  as  a  stationary  piece  of  apparatus  in  the  laboratory. 

The  light  enters  each  of  these  instruments  through  a  slit, 
the  width  of  which  can  be  adjusted  to  suit  strong  or  feeble 
colorations.    The  rays  of  light,  after  passing  the  slit,  are 


Fig.  66, 


The  UiRECi -Vision  Spectroscope. 


rendered  less  divergent  by  traversing  a  lens,  and  then  pass 
through  one  or  more  prisms.  The  rays  are  finally  focussed 
by  means  of  a  sliding  eye-piece,  so  as  to  give  a  sharp  image 
of  the  slit. 

114,  The  Direct-vision  Spectroscope  is  arranged  for  use 
by  supporting  it  in  a  clamp  in  front  of  the  flame  (fig.  66). 
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The  sht  is  then  shghtly  opened,  and  the  eye-piece  is  adjusted 
so  as  to  sharply  focus  the  vertical  yellow  line,  which  is 
due  to  the  sodium  compounds  present  in  the  atmospheric 
dust. 

Instead  of  supporting  the  instrument  by  a  clamp,  it  may 
be  held  in  the  hand  and  directed  on  the  flame.  It  is  then 
most  readily  focussed  before  it  is  directed  on  the  flame,  by 
rendering  sharp  the  dark  Fraunhofer  Hnes,  which  are  seen 
on  looking  through  a  Avindow  at  ordinary  daylight. 

Proceed  to  Exp.  94. 

115.  The  Bunsen-  or  Table-Spectroscope  (fig.  67)  has 

usually  three  brass  tubes.  One  of  these  carries  the  adjust- 
able slit,  another  the  eye-piece,  and  the  third  a  transparent 
photographic  scale. 

The  instrument  is  brought  into  adjustment  by  placing  a 
Bunsen-burner  with  closed  air-holes  in  front  of  the  slit. 


Fig.  67. 


The  Tablk-Spectro.sooi'E. 


On  looking  through  the  eye-piece  at  this  luminous  flame,  a 
continuous  spectrum  of  unbroken  colours  will  be  seen.  The 
upper  and  lower  edges  of  this  spectrum  are  sharply  focussed 
by  moving  the  eye-piece :  and  the  two  tubes  are  arranged 
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at  such  an  angle  as  to  give  the  longest  complete  spectrum 
possible.  The  tubes  must  either  be  permanently  clamped  in 
this  position,  or  they  must  be  so  marked  that  they  can  at  any 
time  be  brought  readily  into  the  same  position  with  certainty. 

Air  is  then  admitted  into  the  Bunsen-flame  by  opening  the 
holes  of  the  burner,  and  the  yellow  sodium  line,  which  is 
always  visible,  is  arranged  in  a  vertical  position  by  rotating 
the  slit-tube,  and  is  then  sharply  focussed.  The  bright  flame 
is  now  lighted  0[)posite  the  end  of  the  scale-tube ;  the  scale 
is  focussed;  and  the  scale-tube  is  shifted  until  the  yellow 
sodium-line  stands  at  a  particular  graduation,  the  fiftieth  being 
selected  for  the  special  chart  in  the  figure.  This  yellow  line 
will  usually  be  seen  in  all  the  following  experiments,  since  it 
is  derived  from  the  atmospheric  dust,  which  enters  the  flame  : 
it  may  be  produced,  if  necessary,  by  introducing  a  platinum 
wire,  moistened  with  sodium  cliloride  solution,  into  the  flame. 

Experiment  94. — When  the  spectroscope  has  been  brought 
into  adjustment,  the  student  should  proceed  to  introduce  a 
mounted  platinum  wire  (9)  into  the  front  of  the  Bunsen- 
flame,  at  a  level  just  below  the  slit  of  the  spectroscope. 
The  platinum  wire  loop  should  be  moistened  successively 
with  solutions  of  sodium  chloride,  of  potassium  chloride,  of- 
barium  chloride,  of  strontium  nitrate,  and  of  calcium  chloride. 

The  wire  may  be  conveniently  supported  in  the  flame  by 
slipping  its  glass  liandle  upon  a  horizontal  wire  arm,  the 
height  of  which  is  adjustable  on  a  stand  such  as  is  repre- 
sented in  figs.  66,  67. 

Coloured  vertical  lines  will  be  seen  when  these  flame  colora- 
tions are  observed  through  the  spectroscope.  These  lines  will 
always  be  the  same  in  colour  and  position  for  the  same 
flame-coloration.  They  will  vary,  however,  in  these  respects 
with  the  colorations  of  difl"erent  substances.  A  parlficular 
Hne-spedrum  is  therefore  characteristic  of  each  of  the 
vapours  which  give  rise  to  the  above  flame-colorations. 

116.  The  Spectrum-Chart.— The  pocket-spectroscope  is 
not  usually  furnished  with  a  graduated  scale  for  measuring 
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the  position  of  the  spectrum-Hnes.  In  the  absence  of  a  scale 
the  relative  positions  of  the  lines  of  any  particular  spectrum 
may,  however,  be  jotted  down  or  remembered  with  approxi- 
mate accuracy.  Since  the  yellow  sodium  line  is  never 
absent,  it  will  furnish  a  useful  landmark  in  the  spectrum. 

The  scale  of  the  larger  spectroscope,  however,  enables  the 
position  of  the  spectrum-lines  to  be  noted  down  on  a  chart, 
and  they  are  thus  easily  identified  if  the  instrument  is 
always  brought  to  the  same  adjustment.  The  instrument 
must  always  be  brought  to  precisely  the  same  adjustment  as 
it  possessed  when  the  lines  were  mapped  down  in  the 
spectrum-chart,  if  the  chart  is  to  be  of  any  use. 

The  spectrum-lines  will  vary  in  position  in  different 
instruments,  owing  to  variation  in  adjustment,  and  to  differ- 
ence in  the  material  and  angles  of  the  prisms.  Hence  it  is 
necessary  to  make  a  separate  chart  for  each  spectroscope. 

The  accompanying  spectrum-chart  (fig.  68)  indicates  a  con- 
venient method  of  mapping  the  lines  ;  but  the  position  of  the 
lines  on  the  scale  is  only  accurate  for  the  spectroscope  from 
which  the  chart  was  made. 

In  this  chart  the  relative  intensity  of  the  spectrum-lines 
may  be  inferred  from  their  varying  thickness ;  while  the  rela- 
tive intensity  of  the  lines  in  each  spectrum  is  indicated  by 
the  Greek  letters  applied  in  the  order  of  decreasing  intensity. 
The  colour  of  each  line  is  shown  by  the  name  of  the  colour 
which  is  placed  at  the  top  of  the  chart,  over  the  region  in 
which  the  line  occurs.  The  position  of  each  line  is  indicated 
by  placing  beneath  it  the  number  of  the  scale-graduation  at 
•which  it  stands.  The  position  of  the  yellow  sodium-line  is 
marked  in  each  spectrum  by  a  dotted  line :  this  line  is 
usually  seen  in  every  test  which  is  made,  for  reasons  which 
have  been  already  stated,  and  it  therefore  serves  as  a  land- 
mark. 

A  chart  of  this  kind  must  be  at  hand  for  reference  when 
the  spectroscope  is  used  for  analytical  work.  The  spectrum- 
lines  may  be  marked  in  with  pen  or  pencil  on  a  white  ground, 
but  they  are  more  striking  if  coloured.  The  chart  may  con- 
veniently be  suspended  near  the  instrument. 
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The  spectrum  of  an  unknown  substance  may  be  identified, 
even  when  the  instrument  has  not  been  carefully  adjusted, 

Fk;.  6S. 


The  Spectrum  Chart. 

and  in  the  absence  of  theVhart.  For  this  purpose  the  position 
the  lines  is  noted  on  the  scale,  and  the  flame-coloration 
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of  a  known  substance,  whicli  is  believed  to  correspond  to  the 
spectrum  wbicli  is  under  observation,  is  then  thrown  into  the 
spectroscope.  If  the  spectrum-lines  of  the  unknown  substance 
are  identical  in  colour  and  in  position  with  those  given  by  the 
known  coloration,  the  two  spectra  must  be  due  to  the  same 
substance,  and  the  unknown  substance  is  therefore  identified. 

Experiment  95.— The  student  should  carefully  observe 
and  map  the  spectra  of  several  of  the  metals,  which  are 
mentioned  in  the  spectrum-chart  (lig.  68).  He  should  then 
proceed  to  examine  some  of  the  mixed  spectra,  which  are 
obtained  from  solutions  containing  the  salts  of  two  or  more 
of  these  metals.  The  ease  with  which  many  metals  can  be 
found  by  means  of  the  spectroscope,  even  in  the  presence 
of  one  another,  will  thus  become  evident. 

The  Delicacy  of  this  Method  of  detecting  certain  metals  is  extreme. 
Thus  it  is  only  in  air  which  has  remained  undisturbed  for  a  long  time 
and  is  almost  absolutely  free  from  dust  particles,  that  the  sodium 
spectrum  is  not  obtained  from  a  Bunseu-llame.  By  using  extremely 
dilute  solutions  of  metallic  salts,  the  d.iicacy  of  the  method  has  been 
proved  in  the  case  of  other  metals.  Bunsen  states  that  one  thi-ee- 
thousand  millionth  of  a  grain  of  sodium  can  be  detected  by  the 
spectroscope. 

In  the  more  Powerful  Modern  Spectroscopes  several  prisms  are 
used  and  the  lines  of  the  spectra  become  more  widely  separated.  Their 
relat'i;;e  positions  may  then  be  noted  with  great  precision  by  moving 
the  observing-tube  until  each  line  in  succession  is  brought  ,nto  the 
,ui.ldle  point  of  the  cross-wires  in  the  eye-piece.  The  position  of  he 
eve-piece  is  then  read  off  on  the  graduntcd  edge  of  the  circular  table 
on  which  the  prisms  stand,  and  registers  the  position  of  each  hue. 
Instruments  of  great  power  and  precision  are  however  not  requisite 
for  ordinary  analytical  worlc,  and  the  smiple  form  of  table  spectro- 
scope which  has  been  already  described  will  be  found  to  be  sufficient 
for  the  purpose. 

117  TJse  of  the  Spectroscope  in  Chemical  Analysis.— 

The  spectroscope  is  of  special  use  in  chemical  analysis  for  the 
following  purposes. 

1.  For  readily  detecting  metals  when  their  flame-colora- 
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tions  are  concealed  by  that  of  sodium ;  and  generally  for 
detecting  metals,  when  their  colorations  are  mixed  in  the 
flame. 

2.  For  distinguishing  similar  colorations  from  one  another. 
Tlius  the  red  coloration  of  strontium  is  easily  distinguished 
from  that  of  calcium,  by  the  strongest  red  line  in  each  of  the 
spectra  being  at  a  different  distance  from  the  sodium  line; 
these  very  similar  flame-colorations  are  further  distinguished 
by  the  appearance  of  a  characteristic  blue  line  in  the  spectrum 
of  strontium,  and  by  a  characteristic  green  line  in  the 
spectrum  of  calcium. 

3.  For  detecting  minute  traces  of  many  metals,  which 
could  scarcely  be  discovered  by  other  means.  The  metals 
lithium,  indium,  thallium,  rubidium,  and  caesium  were  dis- 
covered by  their  spectra ;  and  as  these  metals  usually  occur 
in  minute  proportion  only,  they  are  most  conveniently  de- 
tected by  the  spectroscope. 

It  is  by  no  means  a  matter  of  indifference  which  compound 
of  a  metal  is  selected  for  obtaining  the  flame-coloration  or 
spectrum  of  the  metal.  The  most  volatile  salts  are  generally 
the  chloride,  the  nitrate,  and  the  chlorate ;  these  accordingly 
give  the  most  vivid  but  the  least  durable  spectra.  The 
coloration  is  increasingly  feeble  with  the  sulphate,  the  car- 
bonate, and  the  phosphate  ;  and  the  silicate  does  not  usually 
give  any  coloration  at  all. 

The  coloration  becomes  more  intense  when  the  finelv 
powdered  substance  is  moistened  with  strong  liydrochlorir, 
acid.  But  in  the  case  of  a  silicate  it  is  usually  necessary  to 
moisten  the  powder  with  hydrofluoric  acid,  or  to  mix  it 
with  pure  ammonium  chloride  and  calcium  carbonate,  before 
it  is  introduced  into  the  flame. 

Some  very  volatile  substances  give  only  a  momentary 
flash  of  colour  in  the  flame  ;  while  others,  which  are  far  less 
volatile,  colour  the  Hame  only  at  the  highest  temperature 
obtainable.    Hence  careful  observation  of  the  flame  colora- 
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tion  through  the  spectroscope  is  necessary,  from  the  moment 
that  the  substance  is  introduced  into  the  flame,  until  the  wire- 
loop  has  been  heated  to  whiteness  for  some  time. 

The  width  of  the  slit  of  the  spectroscope  should  be 
regulated  according  to  the  intensity  of  the  hnes  to  be  looked 
for.  A  bright  line  can  be  observed  with  a  narrow  slit,  and 
its  position  is  thus  noted  with  great  precision.  The  slit 
must,  however,  be  opened  much  more  widely  to  see  a  faint 
line,  such  as  K/3  (fig.  68).  Great  breadth  of  the  line  is 
objectionable,  since  it  prevents  its  position  on  the  scale  from 
being  accurately  noted,  and  often  causes  the  edges  of  neigh- 
bouring lines  to  overlap. 

The  background  of  the  flame  should  be  absolutely  black, 
in  order  to  prevent  admission  of  stray  Hglit  into  the  slit.  A 
piece  of  black  velvet  hung  behind  the  flame  gives  a  good 
background. 


sectio:n  IV. 


ANALYTICAL  REACTIONS. 


PART  I.— INTRODUCTION  TO  THE  ANALYTICAL 

REACTIONS. 


Some  paragraplis  in  this  Section  are  marked  with  an  asterisk  (*). 
These  may  be  oniitteJ,  if  tlie  analysis  of  simple  salts  only  is  to  be 
learnt.  Tliese  ])aragraplis  will,  however,  rctiuire  the  careful  attention 
of  the  general  analyst. 

Reactions  printed  in  small  type  are  of  minor  importance  only,  and 
may  be  passed  over,  or  simply  read  through,  if  time  is  limited. 


Introductory  remarks. 

126.  Object  and  Method  of  Chemical  Analysis. — The 

study  of  chemistry  has  revealed  the  fact  that  every  substance 
consists  either  of  one  kind  of  matter  only,  or  of  two  or  more 
different  kinds.  Those  substances  which  contain  only  one 
kind  of  matter  are  called  Chemical  Elements.  Their  number 
at  present  amounts  to  about  seventy.  A  list,  which  com- 
prises most  of  them,  is  given  at  the  end  of  the  book  (1173). 

Tliese  elements  do  not  usually  occur  singly.  Two  or 
more  of  them  are  commonly  found  together  either  in  a  state 
of  mere  Mixture,  or  united  in  a  much  more  intimate  manner 
in  a  Chemical  Compound. 

It  is  the  object  of  analytical  chemistry  to  discover  what 
element,  elements,  or  sometimes  what  groups  of  elements  or 
liadicles,  any  substance  of  unknown  composition  contains. 
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But  an  analysis  may  also  be  undertaken  in  order  to  ascertain 
whether  any  particular  element  or  group  of  elements  is 
present  in  a  given  substance. 

An  analyst  should  be  acquainted  with  the  properties  of 
each  element  and  of  the  compounds  which  it  forms  with 
other  elements.  Efficiency  in  analysis  therefore  depends  in 
a  large  measure  upon  the  knowledge  of  what  is  usually 
termed  Theoretical  Chemidrij,  but  may  be  more  appropriately 
styled  Descrijjtioe  Chemistry. 

For  ordinary  analytical  purposes,  however,  certain  marked 
properties  or  changes  of  each  element,  or  group  of  elements, 
are  selected ;  and  by  these  properties,  called  Tests  or 
Reactions,  its  presence  is  detected. 

The  tests  or  reactions  which  are  most  frequently  selected 
depend  upon  the  behaviour  of  a  substance  when  it  is  heated 
under  various  conditions  (105-II7))  upon  its  behaviour 
when  it  is  mixed  with  certain  liquid  or  solid  substances  (po). 

Such  substances,  when  they  are  added  for  analytical  pur- 
poses, are  called  Reacjents.  Some  reagents  serve  for  de- 
tecting one  element  or  compound  only,  and  are  therefore 
called  Special  Reagents :  others  separate  or  detect  a  group 
of  elements  or  compounds,  and  are  called  Group  Reagents 
or  General  Reagents. 

127.  Analytical  Groups. — The  metals  are  separated,  by 
their  behaviour  with  certain  general  reagents,  into  five  prin- 
cipal Groups.  Two  of  these  Groups  are  further  subdivided 
into  two  Subgroups. 

Each  Group  receives  a  distinctive  name,  which  is  derived 
either  from  its  place  in  the  system,  or  from  some  conspicu- 
ous or  important  member  of  the  Group,  or  from  the  general 
reagent  Avhicli  is  used  to  precipitate  the  Group,  Thus  we 
speak  indifferently  of  the  Fourth  Group,  of  the  Barium 
Group,  or  of  the  Ammonium  Carbonate  Group. 

It  is  perhaps  well  to  avoid  referring  to  a  Group  by  its 
number,  since  different  analysts  number  the  groups  difiFer- 
ently,  and  the  number  is  therefore  apt  not  to  denote  the 
Group  with  certainty. 
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At  the  beginning  of  the  Fifth  Section  of  this  book  (931), 
the  Analytical  Groups  of  the  metals  arc  tabulated ;  and  the 
distinctive  number,  name,  and  reagent,  which  are  char- 
acteristic of  each  Group,  are  placed  at  the  head  of  its 
column.  The  names  and  symbols  of  the  metals  contained 
in  the  Group  are  arranged  vertically  beneath  this  heading. 

128.  Analytical  Classification. — The  chemical  elements 
are  frequently  divided  into  two  classes,  Metals  and  Non- 
metaU.  These  classes,  with  the  following  modifications, 
form  convenient  divisions  for  analytical  purposes : — 

I.  With  the  metals  must  be  classed  the  hypothetical 
metallic-radicle  Ammonium,  and  the  element  Hydrogen. 

TI.  The  non-metals,  either  singly,  or  in  groups  formed  by 
their  combination  inter  se  or  less  frequently  with  a  metal, 
unite  with  hydrogen  forming  acids,  and  with  metals  forming 
salftt.  The  acids  may  be  looked  upon  as  the  hydrogen  salts 
of  these  non-metals  or  of  these  radicles. 

Thus  CI,  SO^,  rO^,  MnO^,  form  the  hydrogen  salts  or 
acids,  IICI,  HoSO^,  H.,PO^,  HMn04 ;  and  the  metalHc  salts, 
KCl,  MgSOj,  IS^ayPO^,  KMnO^.  Metal-hydrogen  salts  or 
Acid  salts,  such  as  NaHSO^,  Na2HP04,  are  also  known. 

The  general  name  Acid-radicle  is  conveniently  applied  to 
CI,  SO4,  PO4,  MnO^.  and  to  similar  elements  or  radicles. 
Some  of  these  acid-radicles  are  elements,  but  most  of  them 
are  unisolated  Compound- radicles.  The  property  which 
they  possess  in  common  is  that  of  forming  acids  when  they 
are  combined  with  hydrogen,  and  of  forming  salts  when 
they  are  combined  with  a  metal. 

For  analytical  purposes,  then,  substances  may  be  separated 
into  the  groups  of  Metals  and  Acid-radicles ;  although  certain 
elementary  and  compound  substances  cannot  be  included  in 
this  generally  useful  classification ;  and  certain  non-metallic 
or  metalloidal  substances,  as  well  as  certain  acid-radicles,  are 
for  analytical  purposes  conveniently  classed  with  the  metals. 
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The  analytical  reactions. 

129.  Trjdng  the  Analytical  Reactions. — In  order  to 
become  fully  acquainted  with  the  behaviour  of  different 
substances  with  Reagents,  and  thus  to  be  able  to  detect 
these  substances  by  their  Reactions,  each  of  the  reactions 
should  be  tried  with  the  substance  itself  or  with  one  of  its 
compounds.  The  appearances  which  are  presented  are  care- 
fully observed  and  remembered,  and  the  substance  may 
then  be  easily  recognised  in  a  body  of  unknown  composi- 
tion by  means  of  these  reactions  or  tests. 

The  addition  of  a  reagent  to  a  substance  causes  some  im- 
portant and  visible  change  to  occur.  This  may  be  simply 
a  change  of  colour,  but  it  very  usually  consists  in  the  forma- 
tion of  a  precipitate.  The  colour,  the  appearance,  or  the 
behaviour  of  this  precipitate  with  other  reagents,  is  char- 
acteristic of  a  particular  element  or  compound-radicle. 

As  soon  as  a  reaction  has  been  satisfactorily  performed, 
it  should  be  briefly  described  in  the  note-book  in  a  neat 
and  concise  manner.  The  nature  of  the  chemical  change 
which  has  occurred  should  then  be  explained  by  means  of  a 
chemical  equation. 

130.  Chemical  Notation  and  Chemical  Eqiiations.— The  entry  in 
the  note-book  of  the  chemical  change,  which  occurs  in  an  analytical 
reaction,  involves  the  correct  use  of  chemical  symbols  and  formula', 
and  a  right  conception  of  the  meaning  of  a  chemical  equation.  For 
full  information  on  these  matters  a  treatise  on  theoretical  chemistry 
should  be  consulted.  The  few  hints  which  follow  will,  however, 
serve  to  guide  and  guard  a  student,  who  has  not  had  much  experience 
in  the  use  of  formulse  and  of  equations. 

Chemical  Notation. — Each  element  is  represented  by  a  Symbol, 
which  consists  of  either  one  or  two  letters.  Thus  S  stands  for  sulphur, 
CI  for  chlorine.  The  symbol  also  represents  one  Atom  of  each  clement. 
When  symbols  are  written  one  after  another,  they  give  the  Formula  of 
a  compound  substance.  A  correct  formula  shows  what  elements, 
and  how  many  atoms  of  each  of  these  elements,  the  compound 
molecule  contains. 

Thus  KCl  stands  for  one  molecule  of  potassium  chloride,  a  com- 
pound of  one  atom  of  potassium  and  one  atom  of  chlorine.  PtCl^ 
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stands  for  one  molecule  of  platinic  chloride,  whicli  consists  of  one 
atom  of  platinum  combined  with  four  atoms  of  chlorine  ;  since  the  small 
fi^i,nire,  placed  hclow  a  symbol  to  the  right,  denotes  how  many  atoms  of 
that  element  are  present. 

A  number  placed  before  a  formula  multiplies  each  symbol  in  that 
formula.  Thus  2PtCl4  signities  two  molecules  of  platinic  chloride, 
containing  altogether  two  atoms  of  platinum  and  eight  atoms  of 
chlorine.  If  two  or  more  symbols  are  included  in  brackets,  any 
number  placed  outside  the  brackets,  and  either  before  or  after  them, 
multiplies  each  symbol  which  is  contained  in  the  brackets. 

Thus  both  Sr(NO;.).,  and  Sr2(N03)  are  eciual  to  SrKA-  This  may 
also  be  written  SiiNO^,  since  the  multiplication  by  2  extends  to  each 
symbol  which  follows,  until  a  break  occurs  in  the  formula.  Thus 
Sr2N03.4H20  would  denote  SrNoOe.HgO^,  if  the  multiplication  were 
carried  out. 

lu  the  Seventh  Section  of  this  book  (1173)  there  will  be  found  a  list 
of  the  names  of  the  Chemical  Elements,  with  their  symbols  and  atomic 
weights  ;  also  lists  of  the  names  and  the  corresjjonding  formulae  of 
most  oF  tlie  compound  substances  whicli  are  referred  to  in  the  text 
(1160-I167). 

Symbols  and  formulae  are  always  used  in  the  text  instead  of  names. 
The  corresponding  names  are  entered  when  the  symbol  of  fornmla  is 
used  for  the  first  time.  These  names  may  also  be  found  by  referring 
eitlier  to  the  lists  mentioned  in  the  preceding  paragraph,  or  to  the 
labels  on  the  laboratory  bottles. 

Rules  for  Drawing  out  a  Chemical  Equation,— The  student  will 
understand  that  a  cheuiical  equation  is  a  short  statement  of  ascer- 
tained chemical  facts,  and  that  every  equation  which  conforms  to  the 
general  rules  stated  below  is  not  necessarily  true.  For  the  special 
purposes  for  which  equations  are  used  in  analytical  reactions,  how- 
ever, tlie  following  rules  will  generally  furnish  true  equations. 

Write  down  the  formulae  of  the  substances  which  are  mixed  to- 
gether, with  the  sign  of  addition  ( + )  between  them.  Then  write 
the  sign  of  equality  (  =  ),  followed  by  the  formula  of  the  precipitate 
or  product  formed. 

In  most  analytical  reactions,  a  mutual  exchange  of  certain  elements 
or  groups  of  elements,  or  a  double  decomposition,  occurs  between  the 
two  compounds  which  are  mixed.  A  little  consideration  will  there- 
fore usually  show  how  many  molecules  of  these  substances  arc  re- 
quired to  yield  the  formula  for  tlie  precipitate  or  princii)al  product. 
It  will  also  be  seen  whetlier  any  other  substance  is  formed  at  the 
same  time  ;  and  if  it  is  formed,  its  formula  may  be  easily  deduced. 

The  number  of  atoms  of  any  one  element  on  both  sides  of  a  correct 
equation  must  always  be  equal. 
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Applying  the  above  rules  to  the  first  test  for  potassium  (141),  we 

get :—   

KCl-l-PtCl4  =  K2PtCl6. 

This  statement  is  obtained  by  merely  placing  together  the  formuL'B 
of  the  substances  mixed  and  of  the  precipitate  formed. 

It  is  evidently  not  correct,  since  there  are  two  atoms  of  K  on  the 
right-hand  side,  and  only  one  on  the  left ;  also  six  atoms  of  CI  are 
found  on  the  right,  and  only  five  on  the  left.  But  this  inequality  is 
at  once  removed  if  we  place  2  before  the  KCl,  thus  : — 

2KCl  +  PtCl4  =  K2PtCl6. 

Evidently  if  the  above  equation  is  correct,  the  precipitate  is  the  only  || 

substance  formed,  since  the  number  of  atoms  in  the  substances  on  the 
left-hand  side  is  exactly  equal  to  that  in  the  substance  on  the  right. 

Take  now  the  first  test  for  Ba  (170).    Our  tentative  statement  is  : — 

BaCl^  +  Am^CO  =  yBaCOs  + 

But  here  the  left-hand  side  contains  Am.^  and  CI2  more  than  the  right. 
The  equality  is  easily  restored  thus  : — 

BaCL  +  AmoCOa  =  BaCOa  +  2  Am  CI . 

This  equation  states  that  when  barium  chloride  (BaCU)  and  ammonium 
carbonate  (Am2C03)  are  mixed  together,  barium  carbonate  (BaCOg)  and 
ammonium  chloride  (AmCl)  are  obtained. 

131.  Abbreviations  employed  for  Entry  in  the  Note- 
book.— For  convenience  in  hasty  writing,  it  is  not  uncommon 
to  employ  abbreviated  formula  for  the  compound  radicles. 
This  is  more  especially  the  case  with  those  radicles  which  are 
constantly  met  with,  and  with  those  which  have  a  complex 
composition. 

Only  such  abbreviations  are  employed  in  the  text  as  save 
the  use  of  brackets  or  of  numbers.  Thus  Am^  is  a  short 
rendering  of  (NH^)^,  and  Ho^  of  H^jO^  or  of  (HO)^. 

The  following  abbreviations  may  be  used  : — 

Am  for  (NH^),  the  metallic-radicle  ammonium. 
T         (C^H^O^;),  the  acid-radicle  of  tartrates. 
A     „   (C.2H3O2),  the  acid-radicle  of  acetates. 
Cy    „  (CN),  the  acid-radicle  in  cyanides. 
Cjy  „  (FeCyg),  in  ferro-  and  ferricyanides. 
Ho  ,,  (HO),  the  radicle  occurring  in  hydroxides. 
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The  "  hydrate  "  of  a  metal  is  preferred  to  "  hydroxide  " 
for  reasons  of  brevity  rather  than  for  theoretical  correctness. 

The  formnlre  K3FeCy^.„  F0CI3,  As.Pg  are  frequently  era- 
ployed  in  place  of  the  more  complicated  formulse  K^;(FeCyy)2, 
Fe.Cl,,  and  As,0^. 

The  following  contracted  words  are  also  used  : — 

expt.    for    experiment.  insol.      for  insohiblc. 

pp.  precipitate.  sol".        ,,  solution. 

P2rK      ,,     precipitation.  crysV"^.  crystalline. 

ppK     ,,     precipitateil.  col'K        „  coloration. 

sol.       ,,  soluble. 

132.  Entiy  of  Analytical  Reactions. — An  example  is 
given  below  of  the  entry  of  the  reactions  in  the  Note-book. 
It  will  be  seen  that  a  systematic  method  is  observed  in  writ- 
ing out  the  equations.  On  the  left-hand  side  of  the  equation 
the  formula  of  the  substance  upon  which  the  reaction  is  being 
tried  is  written  first,  then  follows  the  formula  of  the  reagent 
which  is  added.  On  the  right-hand  side  of  the  equation, 
the  formula  of  tlie  precipitate  or  principal  product  is  entered 
first,  with  a  line  drawn  over  it  by  way  of  distinction ;  then 
follows  the  formula  of  each  substance  which  is  formed  at 
the  same  time. 

In  the  subsequent  reactions,  the  formulro  of  the  sub- 
stance used,  of  the  reagent  added,  and  of  the  precipitate 
produced,  will  always  be  given.  These  data  are  generally 
sufficient  to  enable  the  student  to  form  the  equation.  The 
equation  will  only  be  given  in  full  when  it  is  exceptionally 
difficult  or  complicated. 

The  following  example  of  the  brief  entry  of  reactions  in 
the  Note-book  has  been  selected  from  paragraphs  141-144. 

Potassium  (K).— Used  KCl. 

1.  rtCl^ :  stirred  on  watch-glass  :  yellow  eryst""  pp.,  sol.  in  much  water 

and  in  KHO,  insol.  in  alcohol  :  2KC1  + rtCl4=  K^PtClg . 

2.  NaWr-.  well  shaken  in  a  test-tube:   white  cryst"'-  pp.,  sol,  in 

water,  in  KHO,  and  in  HCl :  KCI  +NaHt  =  KHT -h  NaCl. 
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3.  Flame  col'K:  pale  lilac,  crimson  through  the  indigo-prism  ;  a  red 

and  a  faint  violet  line  at  the  extreme  ends  of  the  spectrum. 

4.  Heated  in  tube  or  on  platinum  foil :  solid  KCl  melted,  but  gave  no 

fumes  :  hence  it  was  not  volatile. 

133.  Directions  for  Trying  the  Analytical  Reactions. 

1.  A  solution  of  the  substance,  the  reactions  of  which  are 
to  be  tried,  must  always  be  employed,  unless  it  is  specially 
stated  that  the  solid  is  required.  This  liquid  is  often  called 
the  original  solution.  The  solid  substance  is  usually  only 
required  for  blowpipe  reactions. 

A  solution  may  be  kept  in  readiness,  or  it  can  be  easily 
made  by  warming  the  solid  with  water  or  with  dilute  acid 
(1 163,  1 164). 

2.  Pour  into  a  test-tube  or  small  beaker  about  twenty  cubic 
centimetres  of  the  solution  of  the  substance :  this  constitutes 
the  "  original  solution."  If  the  solid  substance  is  also  required, 
take  some  of  it  upon  a  watch-glass  and  powder  it  finely. 

3.  Pour  a  little  of  the  original  solution  into  a  perfectly 
clean  test-tube  and  add  the  first-mentioned  reagent  to  it.  A 
few  drops  only  of  the  reagent  should  be  added  at  first. 
More  can  be  gradually  added  afterwards  if  necessary. 

The  habit  of  working  with  small  quantities  both  of  solu- 
tions and  of  reagents  must  be  acquired  from  the  first. 

In  trying  each  of  the  reactions  a  separate  portion  of  the 
original  solution  is  to  be  taken. 

4.  Before  trying  a  reaction,  the  student  should  carefully 
read  through  the  whole  of  the  description  of  the  results  to  be 
obtained.  The  experiment  is  then  to  be  performed,  literally 
following  out  the  directions  given. 

It  is  a  necessary  condition  of  after  success  that  each 
result  should  be  obtained  precisely  as  is  stated  in  the  text. 
The  student  must  never  on  any  account  pass  on  without 
being  satisfied  that  the  statements  of  the  book  are  true,  and 
that  he  could  at  any  time  repeat  the  test  successfully. 
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5.  The  water  used  for  tlie  tests  and  reactions  must 
always  be  distilled  water. 

The  acids  are  to  be  used  in  a  dilute  condition,  unless  it  is 
stated  that  the  strong  acid  is  to  be  employed. 

In  all  cases  KIIO  and  NaHO  may  be  used  indifferently 
the  one  for  the  other. 


General  rules  for  working. 

134.  The  student  should  attend  carefully  to  the  following 
rules.  Their  observance  will  materially  aid  the  progress 
and  accuracy  of  his  work. 

1.  Before  commencing  work,  look  through  the  reagent 
bottles  belonging  to  the  working  bench  (1160).  Replace 
any  which  are  absent,  and  see  that  the  bottles  arc  arranged 
in  the  order  shown  by  the  numbers  on  the  labels.  Then 
proceed  to  fill  any  which  are  empty,  and  to  relabel  any 
whose  labels  are  imperfect  or  loose.  Also  filter  any  of  the 
liquid  reagents,  which  are  not  quite  clear  when  they  are 
shaken  up. 

2.  Arrange  the  apparatus,  which  is  required  for  use,  on 
the  back  part  of  the  bench,  so  as  to  leave  the  front  of  the 
bench  free  to  work  upon.  This  will  lessen  the  risk  of  up- 
setting anything.    (See  Frontispiece.) 

3.  All  dirty  glass  and  porcelain,  which  is  not  in  use,  should 
then  be  carefully  cleansed.  This  ought  to  be  unnecessary, 
since  apparatus  should  never  be  put  away  dirty. 

4.  When  a  reagent-bottle  is  to  be  used,  take  it  in  the  right 
hand ;  remove  the  stopper  by  grasping  it  between  two  of  the 
fingers,  or  between  the  fourth  finger  and  palm  of  the  left 
hand ;  hold  the  stopper  in  this  way  while  the  bottle  is  being 
used,  then  replace  it  immediately,  and  return  the  bottle  to 
its  place. 

5.  Pour  a  liquid  reagent  out  of  the  side  of  the  bottle 
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opposite  to  that  which  bears  the  label ;  and  prevent  the  last 
drop  of  the  liquid  from  running  down  the  outside,  by  touch- 
ing  the  lip  of  the  bottle  either  with  the  stopper,  or  against  the 
clean  edge  of  the  vessel. 

G.  Solid  reagents  should  be  taken  out  of  the  bottle  on  a 
clean  knife-blade  or  horn  spatula,  or  with  a  slip  of  clean 
card-board  or  paper. 

7.  Eaclh  bottle  must  he  restoppered  and  replaced  on  the  shelf, 
in  its  proper  place  and  with  the  label  outtoards,  immediately 
after  use;  it  must  never  he  left  standing  on  the  loorking-hencJi. 

8.  If  a  solution  or  precipitate  has  to  be  put  by  for  some 
time  before  it  undergoes  further  examination,  it  should 
always  be  labelled:  a  piece  of  gummed  paper  may  be 
attached  to  it,  bearing  either  an  inscription,  or  a  reference 
number  which  is  explained  in  the  note-book,  and  which  is 
sufficient  to  recall  to  mind  what  the  solution  or  precipitate 
consists  of.    It  is  toell  never  to  trust  to  memory  in  this  matter. 

It  will  be  found  to  be  unadvisable  as  a  rule  to  leave  a  pre- 
cipitate thus,  since  it  is  apt  to  dry  or  to  undergo  oxidation. 

9.  It  should  be  remembered  that  if  brass  crucible-tongs 
are  employed  for  holding  hot  evaporating  basins  containing 
acids,  some  of  the  brass  is  apt  to  be  dissolved  and  thus 
introduced  into  the  solution.  A  hot  dish  may  be  moved, 
either  by  holding  it  Avith  a  cloth,  or  by  lifting  the  stand 
upon  which  the  dish  is  placed. 

10.  Liquids  only  should  be  poured  down  the  sinks.  All 
solid  refuse,  such  as  soiled  filters,  broken  glass,  and  pieces  of 
charcoal,  should  be  thrown  into  a  receptacle  which  is  placed 
in  an  accessible  position. 

11.  When  a  substance  is  being  examined  in  order  to  find 
out  its  composition,  the  student  should  fully  write  down  in 
the  note-book  each  test  or  process,  with  the  result  obtained, 
as  soon  as  it  is  completed.  The  analysis  is  thus  written  out 
gradually  as  it  progresses.  On  no  account  must  the  entry  of 
the  results  he  left  until  the  completion  of  the  analysis. 
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This  rule  cannot  be  too  strongly  enforced,  as  neglect  of  it 
always  causes  uncertainty  and  confusion.  The  most  con- 
venient form  of  entry  is  that  of  the  Analytical  Tables. 

12.  Cleanliness  and  neatness  in  analytical  work  cannot  be 
too  carefully  attended  to.  More  confusion  and  error  may 
be  caused  by  using  dirty  test-tubes,  beakers,  dishes,  and 
funnels,  than  would  bo  thought  possible  by  the  beginner. 
Work  should  also  be  Tendered  as  systematic  as  possible,  in 
order  to  economise  time  and  thought. 
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ANALYTICAL  REACTIONS  FOR  METALS. 


In  trying  tlirougli  the  reactions  for  tlie  Metals  the  usual  order  of 
the  Analytical  Groups  has  been  reversed,  because  the  most  simple  re- 
actions occur  in  the  last  Groups  and  these  are  therefore  better  suited 
for  a  beginner. 

Occasionally  non-metallic  or  metalloidal  elements  are  associated 
with  Metal  Groups  for  the  purposes  of  analytical  classification. 

The  reactions  of  the  Rarer  Metals  belonging  to  each  Group  are 
entered  in  small  type  at  the  cud  of  the  Group. 

Reactions  printed  in  small  type  may  be  omitted,  but  they  should  be 
carefully  read  through. 

A  Table  will  be  found  in  paragrajdi  I172,  which  contains  the  names 
and  chemical  formula;  of  the  more  commonly  occurring  natural 
minerals,  in  which  the  ditierent  metals  and  acid-radicles  are  present. 


GROUP  v.— THE  POTASSIUM  GROUP. 

140.  This  Group  includes  K,  NH^,  Na,  Mg,  together  with 
the  rarer  metals  Li,  Rb,  Cs  (164-168). 

The  members  of  this  Group  are  not  precipitated  from  their  solutions 
by  any  Group-reagent. 


Potassium  (K). — Use  Potassium  chloride,  KCl. 

141.  Platinum  chloride,  PtCl^,  if  it  is  added  to  some  of 
the  KCl  solution  on  a  watch-glass,  and  stirred  gently  but 
persistently  with  a  glass  rod,  gives  a  yellow  crystalline 
precipitate  (KgPtClg) ;  this  precipitate  forms  first  along  the 
lines  where  the  rod  has  rubbed  the  glass. 
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Stir  up  the  precipitate  and  pour  off  the  liquid  with  the 
precipitate  into  three  test-tubes. 

To  one  of  these  portions  add  much  distilled  water  and 
heat,  the  precipitate  will  dissolve.  To  another  part  add 
alcohol,  the  precipitate  will  not  dissolve.  Hence  this  preci- 
pitate is  soluble  in  water,  and  insoluble  in  alcohol. 

By  warming  the  third  portion  with  solution  of  potassium 
hydrate  (KIIO),  the  precipitate  is  shown  to  be  soluble  in 
that  liquid. 

Remarks.— Since  this  precipitate  is  soluble  in  alkalis,  a  liquid,  to 
which  lliis  test  lias  to  be  applied,  should  always  be  made  neutral  or 
ftiintly  acid  before  PtClj  is  added.  It  is  always  well  to  acidify  the 
liquid  witli  dilute  HCl,  and  to  make  sure  by  test-paper  that  it  is 
sli^ditly  acid  iu  reaction  (l02). 

Further,  since  the  precipitate  is  less  soluble  in  alcohol  than  in  water, 
the  addition  of  alcohol  often  hastens  the  formation  of  the  precipitate 
in  dilute  solutions. 

Owiu<r  to  tlie  solubility  of  the  prccii)itato  in  water,  very  dilute 
solutions  must  be  evaporated  nearly  to  dryness  and  cooled,  before  the 
test  is  applied. 

142.  Sodium  hydrogen  tartrate,  NaHT,  if  it  is  added  to 
some  of  tlie  KCl  solution  in  a  test-tube,  gives  a  white 
crystalline  precipitate  (KHT).  The  precipitate  usually 
appears  only  when  the  tube  is  well  shaken  for  some  time, 
after  the  mouth  of  the  test-tube  has  been  closed  with  the 
thumb. 

Shake  up  the  precipitate,  and  pour  it  off  with  the  liquid 
into  four  test-tubes. 

Add  to  three  of  these  different  portions,  water,  KIIO 
and  HCl  respectively;  on  being  shaken  or  warmed  with 
each  of  these  liquids,  the  precipitate  will  dissolve. 

To  the  fourth  portion  add  alcohol;  the  precipitate  will 
not  dissolve. 

Remarks.~When  the  above  test  is  used  for  the  detection  of  potas- 
sium, the  precipitate  will  not  be  obtained  at  once  in  dilute  solutions  ; 
but  Us  formation  is  much  hastened  by  the  addition  of  alcohol.  Very 
dilute  solutions  must  first  be  concentrated  by  evaporation. 

The  solution  to  be  tested  should  be  neutral  or  feebly  alkaline  in  re- 
action.   If  it  is  strongly  acid  in  reaction,  the  free  acid  should  be 
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neutralised  by  the  addition  of  sodium  carbonate  (NaaCOs)  solution  ;  or, 
if  the  acid  is  volatile,  it  may  be  removed  by  evaporation.  Feebly-acid 
solutions  may  be  at  once  mixed  with  NaHT.  To  an  alkaline  solution, 
tartaric  acid  (H2T)  should  be  added  until  the  reaction  of  the  liquid  is 
strongly  acid. 

143.  Flame  Coloration  (112).— Dip  a  loop  of  platinum 
wire,  which  gives  no  colour  to  the  flame,  into  some  strong 
KCl  solution;  or  moisten  the  wire,  and  dip  it  into  some 
finely  powdered  KCl :  then  hold  the  loop  in  the  flame. 
A  pale-lilac  or  lavender  coloration  will  be  seen,  if  the  KCl  is 
pure.  Even  if  the  flame  appears  yellow  to  the  naked  eye,  it 
will  always  become  deep  crimson  when  it  is  viewed  through 
the  thicker  parts  of  an  indigo-prism  (Exp.  93,  112). 

The  flame- coloration,  due  to  potassium,  shows  in  the  spec- 
troscope a  red  line  (a)  and  a  faint  indigo-blue  line  {(3)  at  the 
extreme  ends  of  the  spectrum  (fig.  68,  I16).  A  faint  con-- 
tinuous  spectrum  is  also  visible. 

144.  Heat  a  little  Solid  KCl  in  a  small  dry  test-tube  ;  or 
powder  it  finely,  and  heat  it  on  a  piece  of  platinum-foil. 
The  KCl  will  melt ;  but  it  will  only  produce  shght  white 
fumes,  when  it  is  heated  very  strongly.  This  proves  that 
potassium  salts  are  very  sHghtly  volatile,  even  at  a  bright  red 
heat. 

The  fused  residue  is  often  transparent  and  invisible ;  but 
its  presence  may  always  be  detected  by  a  shght  crackhng 
being  heard,  during  the  cooling  of  the  foil  or  of  the  test-tube. 


Ammonium  (NH^). — Use  Ammonium  chloride, 
NH4CI  or  AmCl. 

145.  Potassium  hydrate,  KHO,  if  it  is  poured  in  excess 
into  some  of  the  solution,  or  upon  the  sohd,  and  heated, 
causes  ammonia  gas  to  be  given  off: — 

^R^Cl  +  KHO  =  NH3  +  KCl  +  HgO . 


[146-149.] 


GROUP  V. — AMMONIUM. 
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The  ammonia  is  recognised  : — 

(a)  .  By  its  pungent  smell,  which  is  that  of  common  smell- 
ing-salts. 

(b)  .  By  turning  moistened  red  litmus-paper  blue,  or  tur- 
meric-paper brown. 

AVet  a  small  piece  of  the  test-paper  with  distilled  water, 
and  place  it  upon  the  end  of  a  glass  rod.  Then  hold  the 
rod  in  the  test-tube,  taking  great  care  not  to  bring  it  into 
contact  with  the  liquid  or  with  the  sides  of  the  tube.  The 
change  of  colour  mentioned  above  will  take  place. 

(c)  .  By  yielding  white  fumes  with  an  acid  gas  or  vapour. 
Hence  if  a  glass  rod  or  stopper,  wetted  with  strong  HCl, 
HNOy,  or  HA,  is  held  over  the  mouth  of  the  test-tube, 
dense  white  fumes  will  be  seen. 

146.  Platinum  chloride,  PtCl^,  when  it  is  stirred  on  a 
watch-glass  with  some  AmCl  solution,  gives  a  yellow 
crystalline  precipitate  (Am^PtClg). 

This  precipitate  is  soluble  in  water  and  in  KHO  solution, 
but  is  insoluble  in  alcohol.  If  it  is  boiled  with  KHO, 
NHg  is  evolved,  and  it  is  distinguished  in  this  way  from 
the  similar  potassium  precipitate,  KgPtClg.  The  remarks 
in  small  type  in  paragraph  141  apply  to  this  reaction  also. 

147.  Sodium  hydrogen  tartrate,  NaHT,  when  it  is 
shaken  for  some  time  in  a  test-tube  with  AmCl  solution, 
gives  a  white  crystalline  precipitate  (AmHT). 

This  precipitate  is  soluble  in  water,  in  KHO,  and  in 
HCl,  but  is  insoluble  in  alcohol.  The  remarks  in  small 
type  in  paragraph  142  apply  to  this  reaction  also. 

148.  Flame  Coloration. — Pure  AmCl  gives  no  flame- 
coloration.  But  since  ammonium  salts  almost  invariably 
contain  a  trace  of  sodium,  they  usually  impart  a  yellow 
colour  to  the  flame. 

149.  Heat  a  little  Solid  AmCl  on  a  piece  of  platinum- 
foil.    It  will  ^be  converted  into  vapour  and  will  produce 
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copious  white  fumes.  These  fumes  are  best  seen  when  the 
foil  is  removed  for  a  moment  from  the  flame.  The  solid 
at  last  entirely  disappears,  showing  that  AmCl  is  completely 
volatile. 

Eepeat  the  experiment  by  heating  a  small  piece  of  solid 
AmCl  in  a  dry  test-tube.  The  solid  can  be  completely 
volatilised,  and  its  vapour  condensed  as  a  white  coating  or 
mhlimate  on  the  upper  part  of  the  tube. 

Some  ammonium  salts,  such  as  the  carbonate  and  the  nitrate,  are 
decomposed  by  heat  into  gases  ;  they  are  therefore  volatilised  without 
])roducing  white  fumes  or  a  sublimate. 


Sodium  (Na). — Use  Sodium  chloride,  NaCl. 

150.  Flame  Coloration. — NaCl  gives  an  intense  yelloio 
colour  to  the  flame.  The  colour  is  either  invisible,  or  appears 
only  pale  blue,  when  it  is  viewed  through  the  indigo-prism ; 
it  never  shoios  the  slightest  tinge  of  red  when  it  is  seen 
through  the  thicker  parts  of  the  prism. 

When  the  sodium  coloration  is  examined  by  a  small 
spectroscope,  it  gives  a  single  yellow  line  a  (fig.  68,  I16). 

The  yellow  coloration  of  the  flame  which  is  produced  by  sodium  is 
usually  readily  seen,  even  in  the  presence  of  other  flame-colorations, 
since  it  is  not  easily  masked.  In  any  case  the  yellow  spectrum  line 
may  always  be  detected,  even  when  mere  traces  of  sodium  are  present. 

If  both  potassium  and  sodium  are  present,  the  potassium  colora- 
tion is  usually  unseen,  and  the  yellow  coloration  of  sodium  alone  is 
visible.  But  when  the  flame  is  viewed  through  the  indigo-prism,  the 
crimson  coloration  of  potassium  is  at  once  seen  (112,  Exp.  93).  The 
lines  of  Na  and  K  may  also  be  distinctly  separated  from  one  another, 
by  means  of  the  spectroscope. 

151.  Heat  a  little  Solid  NaCl  in  a  dry  test-tube  or  on 
platinum-foil.  It  will  melt  without  producing  white  fumes, 
and  will  give  slight  fumes  only  when  it  is  heated  very 
strongly,  showing  that  NaCl  is  very  shghtly  volatile  even 
at  a  bright  red  heat. 


[152-157.] 


GROUP  V. — MAGNESIUM. 
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Magnesium  (Mg). — Use  Magnesium  sulphate, 
ArgSO^.TH^O. 

The  7H.3O  in  this  forimila  represents  the  loater  of  crystallisation, 
which  is  always  present  in  the  solid  state  in  the  crystallised  salt. 
Water  of  crystallisation  is  entered  in  this  way  throughout  the  book. 

152.  Add  Amraoniuni  chloride  (AmCl),  then  Ammonium 
liydrato  (AmHO),  and  then  Sodium  phosphate,  Na.^HPO^ : 
a  white  crystalline  precipitate  (iNFgAmPO^.GHoO)  will  form  : — 

MgSO.1  +  AmHO  +  Na,.HP04  =  AFgAmPO^  +  Na.SO^  +  lip. 

If  much  water  is  present,  this  precipitate  will  form  only 
when  the  liquid  is  warmed,  or  is  well  stirred  or  shaken. 
It  is  soluble  in  HCl  and  in  other  acids,  but  is  insoluble 
in  AmHO. 

153.  Potassium  hydrate,  KHO,  gives  a  white  precipitate  (Mgll^Oa), 
which  is  readily  soluble  in  acids. 

154.  Ammonium  hydrate,  AmHO,  gives  a  white  precipitate 
(MgBoOg)  ;  but  if  AmCl  is  added  before  the  AmHO,  no  precipi- 
tate is  produced. 

155.  Ammonium  carbonate,  Am.,CO.(,  gives  a  white  precipitate 
(MgCO;,),  but  only  in  strong  solutions  and  on  standing  for  some  time. 
The  previous  addition  of  AmCl  prevents  the  formation  of  this  pre- 
cipitate. 

156.  Flame  Coloration. — Pure  MgSO^  solution  gives  no  colour  to 
the  llame. 

157.  Blowpipe-test.— If  a  little  solid  JNIgSOj-TIIgO  is 
placed  in  a  small  cavity  on  a  piece  of  wood-charcoal,  and  is 
then  heated  in  the  tip  of  the  outer  blowpipe-flame  (lio), 
it  will  shine  brightly  and  will  give  a  white  unmelted  mass 
of  iSFgO.  No  white  fumes  will  be  given  off,  since  MgO  is 
not  volatile. 

If  this  Avhite  mass  is  allowed  to  cool,  and  is  moistened 
with  several  drops  of  cobalt  nitrate  solution,  and  is  then  again 
heated  to  whiteness  for  some  time  in  the  outer  blowpipe- 
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flame,  it  will  assume  a  delicate  pink  colour.  This  colour  will 
be  readily  seen  when  a  piece  of  white  paper  is  held  near  the 
cold  residue  on  the  charcoal. 


Detection  op  One  Metal  in  Group  V,,  when  it 

OCCURS  ALONE. 

The  Detection  of  a  Single  Metal  leads  the  beginner  bj'  easy  stages 
to  the  detection  of  metals  in  the  presence  of  one  another.  But  the 
directions  for  the  detection  of  a  single  metal,  which  follow  the  re- 
actions in  each  Groui^ ;  and  the  whole  of  Section  V.,  which  is  concerned 
with  the  Analysis  of  Simple  Salts,  may  be  omitted,  if  time  must  be 
saved. 

After  the  student  has  carefully  Avorked  through  the  re- 
actions for  the  metals  in  the  Fifth  Group,  he  should  proceed 
to  apply  the  experience,  which  he  has  thus  acquired,  to  the 
detection  of  one  metal  belonging  to  this  Group. 

For  this  purpose  a  salt  which  contains  only  one  of  these 
metals  should  be  supplied  ;  and  separate  portions  of  the 
salt,  or  of  its  solution  in  water,  should  be  subjected  to  the 
tests  which  are  given  in  the  first  column  of  the  following 
Table  of  Differences  (l6o). 

158.  Explanation  and  Use  of  the  Table  of  Differences.— 

A  glance  at  this  Table  (160)  will  show  that  those  tests  have 
been  selected,  which  serve  to  distinguish  the  metals  of  this 
Group  from  one  another.  The  order  in  which  the  tests  are 
placed  is  that  which  will  best  serve  this  object. 

It  will  be  evident  that  it  is  never  necessary  to  try  the 
whole  of  the  tests  upon  any  one  substance.  The  presence 
of  the  metal,  when  it  has  been  detected  by  one  test,  should, 
however,  be  confirmed  by  another  test  selected  for  that 
purpose.  The  third  and  fourth  tests  are  also  manifestly 
alternative  ones,  the  use  of  NaHT  being  generally  preferred 
to  that  of  PtCl^  for  economical  reasons. 

A  selection  is  made  from  the  first  four  tests  in  examining 
a  liquid.  A  solid  substance  should  be  first  subjected  to  the 
fifth  and  sixth  tests ;  and  a  portion  of  the  solid  should  then 
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be  dissolved  in  water,  and  the  solution  examined  by  tlie 
earlier  tests. 

As  each  test  is  made,  the  result  Avhicli  it  yields  is  care- 
fully observed.  Occasionally  no  change  is  noticed ;  this  is 
indicated  by  a  blank  in  the  column  to  the  right.  If  any 
result  is  noticed,  it  is  looked  for  in  the  columns  to  the  right ; 
it  will  indicate  the  presence  of  that  metal,  which  heads  the 
column  in  which  the  result  stands. 

Sodium  is  seldom  entirely  absent  from  any  substance. 
The  quantity  present  may  be  judged  from  the  intensity  of 
the  yellow  llame-coloration.  Unless  the  coloration  is  very 
intense,  the  presence  of  a  trace  of  sodium  should  be  noted 
down,  and  another  metal  should  be  looked  for. 

The  student  will  naturally  take  advantage  of  the  aid 
afforded  by  the  spectroscope  in  examining  the  flame-colora- 
tion (II3-II7). 

Several  simple  unknown  salts  of  the  metals  of  Group  V. 
should  be  examined  by  the  Table  (160),  and  the  results 
obtained,  together  with  the  inferences  drawn,  should  be  care- 
fully entered  in  the  note-book. 

159.  Example  of  Entry  in  the  Note-book : — 


A  .solid  white  substance  was  given  to  be  tested  for  one  metal  in 
Group  V. 


Test. 

Observation. 

Inference. 



1. 

Heated  in  an  ignition- 
tube. 

Substance  fused,  but  did 
not  volatilise. 

Absence  of  NH4. 

2. 

Heated  on  cliarcoal  in 
the  blowpipe-fiame. 

Substance  fused,  and 
sank  into  the  chfircoal. 

Presence  of  K  or  Na. 

Dissolved  part  of  the  sub- 
stance in  water. 

3. 

Held  a  drop  on  a  plat- 
inum-wire loop  in 
the  tiame. 

A  pale  lilac  flame  colora- 
tion, which  appeared 
crimson  through  the 
indigo-prism. 

Presence  of  K. 

4. 

Stirred  a  little  of  the 
solution  with  a  few 

A  yellow  precipitate 
formed. 

Presence  of  K. 

drops  of  PtCl4  on  a 
watch-gl.ass. 

Found  K. 
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l6o.  Group  V. — Table  op  Differences. 


Tests. 


For  unlutioni. 

1.  Boil  wltli  KHO 
solution : 


2.  Heat  In  the 
Bunscn  -  flume 
on  a  clean  pla- 
tinum wire: 


.  Add  PtClj 
make  slightly 
acid  with  di- 
lute HCl,  and 
stir  vigorously: 


4.  Add  NallTanil 
shako  well : 


For  solids  only. 

6.  Heat  to  red- 
ness in  a  dry 
test-tube,  or  on  1 
platinum  foil :  j 

I 
I 


C.  Heat  strongly 
on  charcoal  in 
the  outer  hlow- 
pipe-flame: 


K— salts. 


Pale  lilac  fiame, 
which  appears 
crimson  through 
the  Indlgo- 
prism. 


Tellow  crystal- 
line precipitate, 
forms  only  in 
strong  solu- 
tions. 


White  crystalline 
precipitate  In 
strong  solu- 
tions. 


Kon-volntile,  un- 
less heated  to 
bright  redness. 


liasily  fusible, 
sinking  into  the 
charcoal,  and 
colouring  the 
flame  pale  lilac. 
(See  2.) 


NH4— salts. 


NH3  gas  given 
off:  known  by 
its  smell  and  by 
turning  moist 
turmeric  brown ; 
it  also  gives 
dense  white 
fumes  with 
strong  HCl. 


Yellow  crystal- 
line precipitate, 
forms  only  in 
strong  solu- 
tions. 


White  crystalline 
precipitate  in 
strong  solu- 
tions. 


Volatile;  thesub- 
stance  passes, 
at  least  partial- 
ly, into  vapour; 
it  usually  gives 
white  fumes, 
and  forms  a 
sublimate  in 
tlic  upper  part 
of  the  tube. 


Volatile,  giving 
off  white  fumes. 


Na — salts. 


Intense  yellow 
flame,  which 
shows  no  tinge 
of  red  through 
the  indigo- 
prism. 


Non-volatile,  un- 
less heated  to 
bright  redness. 


Ea,slly  fusible, 
sinking  into  the 
charcoal,  and 
colouring  the 
flame  intense 
yellow.  (See2.) 


Mg — salts. 


White  precipitate, 

Confirm  by 
adding  AmCI, 
AmHO,  and 
NajHPOi,  to  a 
fresh  part  of 
the  solution 


Non-Tolatilo. 


White  Infusillt 
residue  is  left, 
which  if  moist- 
ened witli 
Co(N03)2  solu- 
tion and  re- 
heated becomes 
pink. 
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Detection  of  Metals  in  Group  V.,  when 

THEY  OCCUR  TOGETHER. 

Paragraphs,  the  iinmhers  of  which  aro  marked  with  an  aisterisk  (*), 
may  be  omitted  by  students  who  are  learning  the  analysis  of  Simple 
Salts  only. 

161.  *  When  more  than  One  Metal  of  the  Fifth  Group  is 
present  in  the  substance  to  be  examined,  the  possibiUty  of 
interference  in  the  reactions  arises.  It  should  bo  remem- 
bered, however,  that — 

1.  NII4  may  always  be  detected  by  the  evolution  of  NH3 
when  the  substance  is  boiled  with  KHO  solution. 

2.  Na  can  always  be  found  by  its  yellow  flame-coloration. 

3.  Mg  is  indicated  with  certainty  by  its  precipitation  by 
KHO  solution,  and  by  NaJIPO^  in  the  presence  of  AmCl 
and  AmHO. 

4.  K  may  always  be  found  by  the  flame-coloration  appearing 
crimson  when  it  is  viewed  through  the  indigo-prism,  or  by 
the  red  line  in  its  spectrum. 

5.  The  test  for  K  by  means  of  PtCl4  or  NaHT  is  only 
conclusive  in  the  absence  of  NHj.  If  NH4  is  present,  its 
salts  must  be  removed  by  ignition,  before  K  can  be  tested 
for  by  precipitation. 

162.  *  The  student  should  proceed  to  examine  by  the 
following  Table  (163)  several  solutions  of  unknown  com- 
position, containing  two  or  more  metals  of  this  Group. 
Only  one  of  the  observations  which  are  recorded  against  each 
test  will  be  made.  In  future  Tables  the  bracketed  para- 
graphs, which  concern  the  absence  of  the  metals,  will  be 
omitted ;  but  the  student  should  invariably  enter  his  nega- 
tive results,  together  with  the  inferences  whicli  he  draws 
from  them. 

The  experiments,  observations,  and  inferences  should  be 
entered  in  the  note-book  fully  in  the  form  shown  in  the 
Table  (163). 
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163.*  Table  for  testing  fob  Mg,  K,  Na,  NH^,  in  a 

SOLUTION  WHICH  MAY  CONTAIN  ALL  OF  THEM. 


1 

Experiment. 

Observation. 

Inference. 

I.  Add  to  a  small  jiart  of 
the  solution  AmCl.  then 
AmIlO  and  Na.^HPOi, 
shake  well  and  allow 
to  stand  if  no  precipitate 
appears  at  once. 

1.   A   white  precipitate 
foiins. 

[2.  No  precipitate  appears.] 

Presence  of  Mg. 
[Absence  of  Mg.1 

II.  Dip  a  small  loop  of 

clean  platinum  wire  into 
the  solution,  and  Iiold  it 
near  the  top  of  the 
Bansen-flame. 

1.  A  yellow  flame. 

Look  at  tlie  yellow  flame 
tlirough     the  indigo- 
])rism ;    a  crimson  red 
colour  is  seen. 

2.  A  pale  lilac  flame,  ap- 
pearing   crimson  red 
when  seen  throngh  the 
Indigo-prism. 

[3.  No  colour  is  imparted 
to  the  flame.] 

Presence  of  Na,  possibly 
also  of  K. 

Presence  of  K. 

Presence  of  K  and  absence 
of  Na. 

[Absence  of  K  and  Na.] 

III.  Boil  some  of  the  solu- 
tion in  a  test-tube  witli 
KlIO  solution,  and  try 
wliethei'  NH3  is  given 
off  by  smelling;  or  if  it 
cannot  be  smcU,  by  test- 
ing with  moistened  tur- 
mciic-paper  or  stiong 
HCl. 

1.  NH3  gas  is  smelt,  or 
tlic  turmeric  becomes 
brown, and  white  fumes 
are  obtained  with  HCl. 

[2.  No  NHj,  is  smelt,  and 
thf;  turmeric-paper  does 
net    become  brown, 
neither  are  white  fumes 
obtained  with  HCl. 

Presence  of  NH4. 
[Absence  of  NH^.] 

IV.  A  confirmatory  test  for  K  may  be  made  by  adding  PtCl^  or  NaHT  If 
Exp.  III.  has  sho\vn  tlint  NH4  is  present,  proceed  to  test  for  K  by  column  A;  If  [ 
NH4  is  absent,  test  for  K  by  column  B  (lui,  5). 


Boil  some  more  of  the  solution  down 
to  dryness  in  a  porcelain  dish ;  scrape 
out  the  white  substance  left  in  the  dish, 
and  lieat  it  strongly  on  a  piece  of  plati- 
num-foil as  long  as  any  white  fumes  are 
seen  to  be  given  off  when  the  foil  is 
taken  out  of  the  flame  for  an  instant. 
Place  the  foil  when  cold  in  a  test-tube, 
and  boil  it  with  very  liWe  water,  to 
wliich  a  drop  of  dilute  HCl  has  been 
added,  and  evaporate  to  several  drops; 
cool  tlie  liquid,  and  pour  it  out  upon  a 
watch-glass,  add  a  little  PtCl4,  smd  stir 
well  :— 

A  yellow  precipitate : — Presence  of  K. 


B. 

Pour  a  little  of  the  solution  upon  a 
watch-glass,  add  PtCl4,  and  stir  well:  a 
yellow  ])i-ecipitatc  : — Presence  of  K. 

If  no  precipitate  forms,  K  may  never- 
theless be  present,  the  solution  being  too 
dilute  to  allow  the  precipitate  to  form; 
therefore  pour  some  of  the  solution  into 
a  porcelain  dish,  boil  down  nearly  to  dry- 
ness, cool  and  test  this  liquid  by  stirring 
it  with  PtCl4  on  a  v/atch-glass,  adding 
alcohol  if  the  precipitate  does  not  appear 
at  once  :  a  yellow  precipitate  -.—Presence 
of  K. 

Note. — Addition  of  alcohol  wilyrequently 
produce  the  precipitate  without  eva- 
poration. 


[164-167.]      LITHIUM,  RUBIDIUM,  AND  CiESlUM. 
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Reactions  op  the  Rarer  Metals  in  Group  V. 

The  rarer  metals  included  iii  this  Group  are  Li,  Rb,  Cs. 
Lithium  (Li).— Use  Lithium  chloride,  LiCl. 

164.  Li  occurs  frequently  in  mineral  waters  and  in  the  ashes  of 
plants,  also  in  small  quantities  in  the  minerals  lepidolite,  triphanc, 
and  petallite. 

It  is  allied  to  the  metals  of  the  Barium  Group  by  the  dilFicult  solu- 
bility of  its  carbonate  and  phosphate  ;  and  it_difrers  from  K  and  NII4 
by  not  being  precipitateil  by  PtClj  or  by  H.,T  :  from  Na  it  is  readily 
distinguished  by  its  flame-coloration  and  spectrum. 

LiCl  may  be  separated  from  KCl  and  NaCl  by  its  insolubility  in  a 
mixture  of  absolute  alcohol  and  ether. 

165.  Sodium  phosphate,  Na^PO^,  if  it  is  added  to  the  solution, 
which  must  uoc  be  too  dilute  and  must  be  made  strongly  alkaline  with 
NaHO,  will  give,  on  boiling,  a  white  crystalline  precipitate  (LiaPO^) 
which 'settles  quickly.  Tiaces  of  Li  may  be  precipitated  by  adding 
NaoHPOj,  and  then  NaHO  until  the  liquid  remains  alkaline,  evaporat- 
ing to  dryness  and  washing  the  residue  with  dilute  AniHO. 

This  precipitate  may  be  distinguished  from  the  phosphates  of  Ba, 
Sr,  Ca,  and  Mg  by  heating  it  on  charcoal  in  the  blowpipe-flame,  when 
it  will  readily  fuse,  and  be  absorbed  by  the  charcoal  support.  The 
diluted  cold  solution  of  Li^POj  in  HCl  also  gives  no  precipitate  when 
AmHO  is  added  in  excess,  but  a  white  crystalline  precipitate  forms 
when  the  liquid  is  boiled. 

166.  Flame  Coloration  :  this  is  carmine-red  ;  the  spectrum  (fig.  68, 
116)  consists  of  an  intense  carmine-red  line  (a). 

The  flame-coloration  is  concealed  by  that  of  Na  ;  but  the  presence 
of  Na  does  not  interfere  with  the  spectrum.  The  Na-coloration  is 
removed  if  the  flame  is  viewed  through  the  thinner  parts  of  the  prism. 

The  lithium  flame-coloration  differs  from  that  given  by  K,  by 
being  either  unable  to  penetrate  the  thick  layers  of  indigo-solution,  or 
by  being  much  lessened  in  intensity  by  passage  through  the  indigo. 

Lithium  silicate  only  gives  the  flame-coloration  after  it  has  been 
fused  with  CaS04  ;  lithium  phosphate  requires  to  be  first  moistened 
with  HCl. 


Rubidium  (Rb),  CiESium  (Cs).— Use  RbCl  and  CsCl. 

167.  The  metals  Rb,  Cs  occur  in  small  quantities  in  some  mineral 
waters  and  in  a  few  minerals. 
The  compounds  of  Rb  and  Cs  resemble  those  of  K  by  being  precipi- 
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tated  by  PtCl4  and  by  H2T,  and  by  giving  a  flame-coloration  similar 
to  that  of  K. 

These  metals  differ  from  K  by  the  greater  insolubility  in  water 
of  their  platino-clilorides.  KoPtClg  can  be  dissolved  away  from 
RboPtClg  and  CsgPtClg  by  boiling  the  precipitates  with  successive 
small  quantities  of  water.  The  alums  also  show  a  similar  difference 
iu  solubility  in  cold  water. 

168.  Flame  Colorations,— The  flame-colorations  given  by  these 
metals  are  not  distinguishable  from  that  given  by  K.  Cs  and  Rb  are, 
however,  readily  distinguished  from  one  another  and  from  other 
elements  by  their  spectra  (lig.  68,  116).  The  blue  lines  (a, 
given  by  Cs,  are  especially  distinct  and  characteristic.  In  the  Rb- 
spectrum  the  indigo-blue  lines  (a,  /3)  are  very  distinct,  but  the  red 
lines  (y,  5)  are  most  characteristic.  The  chlorides  are  the  most  suit- 
able salts  for  the  spectroscope  test. 


Detection  op  Li,  Kb,  Cs  in  Analysis. 

The  metals  Li,  Rb,  Cs  are  most  readily  detected  in  this  Group  by 
means  of  their  spectra. 

For  the  detection  of  these  metals  in  the  ordinary  course  of  analysis 
refer  to  the  fifth  column  of  the  Table  in  paragraph  1090. 


[169-175.] 
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GROUP  IV.— BARIUM  GROUP. 
169.  This  Group  includes  Ba,  Sr,  Ca. 

These  metals  din'or  fioiu  those  of  Group  V.  by  being  precipitated 
from  tlicir  solutions  as  carbonates  by  ammonium  carbonate,  and  as 
oxalates  by  ammonium  oxalate,  in  the  presence  of  ammonium  chloride. 
They  are  not  precipitated  by  any  other  Group-reagent. 


Barium  (Ba). — Use  Barium  chloride,  BaCl2.2H20. 

170.  Ammonium  carbonate,  Am^CO^,  added  after  AmCl, 
causes  a  white  precipitate  (BaCO.5).  This  precipitate  is  at 
first  flocculent ;  but  it  slowly  shrinks  in  volume  and  becomes 
crystalline,  if  the  liquid  which  contains  it  is  gently  heated 
and  is  then  allowed  to  stand.  Prove  that  this  precipitate  is 
soluble  in  acetic  acid  (HA). 

171.  Calcium  sulphate,  CaSO^,  or  Sulphuric  acid,  H.^SO^, 
causes  a  heavy  white  precipitate  (BaSO^),  which  is  insoluble 
in  HCl,  even  when  the  liquid  is  boiled. 

172.  Potassium  chromate,  K.^CrOj,  added  after  some 
HA,  produces  a  yellow  precipitate  (BaCrO^),  which  is 
soluble  in  warm  HCl,  but  differs  from  SrCrO^  by  being 
insoluble  in  warm  HA. 

173.  Hydrofluosilicic  acid.  Il,SiFg,  produces  a  semi-transparent 
precipitate  (BaSiF,;).  Tlie  precipitate  does  not  appear  in  dilute 
sohitions  until  after  some  time  ;  its  formation  is  hastened  by  boiling, 
shaking,  or  stirring  the  liquid,  or  by  adding  alcohol.  HgSiFg  yields  no 
precipitates  with  solutions  containing  Sr  or  Ca. 

174.  Ammonium  oxalate,  AmoC,20^,  produces  a  white  precipitate 
(BaCpj. 


175.  Flame  Coloration :  BaClg  gives  a  yellowish-green 


128 


EEACTIONS  OF  THE  METALS. 


[176-181.] 


colour  to  the  flame,  which  is  visible  through  the  indigo- 
prism. 

The  barium-spectrum  (fig.  68,  Il6)  consists  of  a  number 
of  lines,  the  most  characteristic  of  which  are  three  green 
lines,  a,  /?,  y. 


Strontium  (Sr), — Use  Strontium  nitrate,  Sr(N03)o.4HoO. 

176.  Aiii.,COjj,  added  after  some  AmCl,  gives  a  white  pre- 
cipitate (SrCOg),  which  is  soluble  in  HA.  This  precipitate 
is  fiocculent  at  first ;  but  it  gradually  becomes  crystalline  and 
shrinks  very  considerably  at  ordinary  temperatures,  and  more 
rapidly  when  it  is  heated. 

177.  CaSO^,  or  H^SO^,  gives  a  white  precipitate  (SrSOJ. 
This  precipitate  does  not  usually  form  in  a  cold  solution  at 
once,  but  only  after  some  time.  The  precipitate,  however, 
appears  at  once  lohen  the  liquid  is  hoiled. 

178.  K^CrOj,  added  after  some  HA,  causes  no  precipitate,  since 
SrCr04  is  soluble  in  HA. 

179.  Ani2C204  produces  a  white  precipitate  (SrC204).  • 

180.  Flame  Coloration :  crimson-red;  this  colour  appears 
intense  red  through  the  indigo-prism,  unless  the  flame-colora- 
tion is  very  faint. 

The  strontium-spectrum  contains  many  lines  (fig.  68,  I16). 
The  most  characteristic  are  the  orange  line  (a),  the  red  lines 

(A  y)>       ^^^6  ^^^^  ^i^®  (^)- 


Calcium  (Ca). — Use  Calcium  chloride,  (JaCl2.61l20. 

181.  AnioCOy,  added  after  AmCl,  gives  a  white  precipitate 
(CaCOg),  which  is  soluble  in  HA.  This  precipitate  is  fioccu- 
lent at  first ;  but  it  shrinks  considerably  and  becomes  crystal- 
line after  a  time,  more  rapidly  when  it  is  gently  heated. 


[182-187.] 
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182.  CaSO^ :  no  precipitate,  even  when  the  liquid  is 
allowed  to  stand,  or  is  boiled. 

183.  H._,SOj :  a  white  precipitate  (CaSO.,)  forms  at  once  in 
strong  solutions,  and  often  in  weak  solutions  when  they  are 
boiled ;  but  some  CaSOj  will  always  remain  dissolved,  since 
it  is  not  quite  insoluble  in  water. 

Prove  this  by  boiling  the  liquid  which  contains  the  preci- 
pitate, and  then  filtering  it.  Then  keep  adding  AmllO  to 
the  filtrate,  and  stirring  it,  until  a  drop  of  the  solution  turns 
turmeric  paper  brown,  and  the  liquid  smells  of  NHg.  Then 
add  AnioCO^ ;  a  wliite  precipitate  will  form,  showing  the  pre- 
sence of  Ca  (185)  which  must  have  been  dissolved  as  CaSO^. 

184.  KoCrOj  :  110  precipitate. 

185.  Am^CoO^:  white  precipitate  (CaC^O^),  soluble  inmost 
acids,  but  insoluble  in  HA  and  in  oxalic  acid  (II^C^O^). 

186.  Flame  Coloration  :  yellowish-red.  When  this  colora- 
tion is  viewed  through  the  indigo-prism,  it  does  not  appear 
red,  and  differs  in  this  respect  from  that  given  by  Sr. 

In  the  calcium-spectrum  (fig.  68,  1 16)  the  most  character- 
istic lines  are  the  green  line  (/i)  and  the  intense  orange 
line  (a). 


DETECTION  OF  One  Metal  in  Group  IV.,  when  it 

OCCURS  ALONE. 

187.  The  following  Table  of  Differences  will  serve  to 
detect  a  single  metal  in  Group  IV.,  when  all  other  metals 
are  absent.  For  an  explanation  of  the  method  of  using  the 
Table,  the  remarks  on  the  use  of  the  corresponding  Table 
for  Group  V.  may  be  consulted  (158). 

I 
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Group  IV. — Table  of  Dipperencbs. 

Tlie  first  three  tests  only  need  be  useJ  for  the  detection  of  a  inerabev 
of  this  Group  when  it  occurs  by  itself  in  solution  :  the  first  test  serves 
also  for  solids. 

The  flame-coloration  obtained  in  Exp.  1  should  be  examined  by  the 
spectroscope. 


Tests. 

Ba— salts. 

Sr— salts. 

Ca— salts. 

1.  Flame-colora- 
tiou : 

2.  CaS04  added 
to    the  cold 
solution  : 

3.  K.2Cr04  added 
after  HA : 

Greenish-yellow. 

An  immediate  pre- 
cipitate. 

Light  yellow  pre- 
cipitate. 

Intense  crimson, 
appearing  crini- 
son  through  the 
indigo-prism. 

A  precipitate  ap- 
pearing only  after 
a  sliort  time,  nr 
imiiirdiately  on 
boilinij. 

Yellowish  -  red, 
not  appearing 
red  tlirougii 
the  iudigo- 
pi'ism. 

No  precipitate 
even  on  boil- 
ing. 

[4.  H^SiFe added: 

5.  H2SO4  added 
in  excess  and 
boiled  : 

White  precipitate. 

Entirely  precipi- 
tated as  BaS04. 

Entirely  precipi- 
tated as  SrS04. 

 ] 

Partially  pre- 
cipitated as 
CaS04  (183). 

Separation  and  Detection  of  the  Metals  in  Group  IV., 

WHEN  THEY  OCCUR  TOGETHER. 

188.*  The  following  Differences  presented  hy  the  solu- 
tions of  these  metals  are  made  use  of : — 

1.  Tlieir  different  flame-colorations,  which  are  examined 
if  necessary  through  the  indigo-prism,  and  by  means  of  the 
spectroscope. 

2.  The  difference  in  the  behaviour  of  their  solutions  with 
CaS04  solution,  which  at  once  indicates  the  presence  or 
absence  of  Ba,  or  of  Sr  in  the  absence  of  Ba. 
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3.  The  insolubility  of  BaCr04  in  HA,  and  hence  the 
possibility  of  separating  Ba,  if  present,  by  adding  HA  and 
then  KoCrO^. 

4.  The  fact  that  Sr,  but  not  Ca,  can  be  precipitated  by 
CaSOj  on  boiling.  This  reagent  will  therefore  indicate  the 
[)resence  of  Sr  in  the  absence,  or  after  the  separation,  of  Ba. 

5.  The  complete  precipitation  of  Sr,  if  present,  by  boil- 
ing the  solution  with  H.^SO^ ;  sufficient  CaSO.,  still  remain- 
ing in  the  filtrate,  to  give  a  precipitate  on  the  addition  of 
Am^.C^O^  and  of  AmHO  in  excess. 

189  *  A  Solution  which  has  to  be  Examined  for  Ba,  Sr, 

and  Ca,  and  which  can  contain  only  these  substances,  is  Hrst 
made  alkaline,  if  it  is  not  already  so,  by  the  addition  of 
AmHO  in  excess  (103). 

Am.,C03  is  then  added ;  and  the  addition  of  this  reagent 
iri  continued  as  long  as  it  causes  any  further  precii:)itate, 
after  the  liquid  has  been  warmed,  stirred  well,  and  allowed 
to  settle.  The  liquid  is  then  filtered.  A  little  more  Am.,C03 
is  added  to  the  clear  filtrate,  and  if  this  causes  any  further 
precipitate,  more  Am.jCOy  is  added,  and  the  liquid  is  again 
poured  through  the  same  filter. 

As  soon  as  the  filtrate  gives  no  further  precipitate  with 
Am.,C03,  all  the  metals  of  this  Group,  which  were  present 
in  the  solution,  will  have  been  precipitated  as  carbonates, 
and  will  remain  on  the  filter  after  the  filtration  of  the  liquid. 

The  precipitate  is  then  examined  by  Table  IV.  (IO32, 
1033))       by  the  simpler  Table  IV.a.  (1034). 
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GROUP  III.— IRON  AND  ZINC  GROUPS. 

The  Group  includes  Al,  Pe,  Or,  Zn,  Mn,  Ni,  Co,  together 
with  the  rarer  metals  U,  In,  Be,  Ti,  V,  Zr,  Ce,  Ta,  Nb,  La, 
Di,  Y,  E,  Th.  It  is  conveniently  sub-divided  into  Group 
III.  A.  and  Group  III.b. 

The  reactions  of  the  rarer  metals  are  given  in  paragraphs 

243-276. 


GROUP  III.A.— IRON  GROUP. 
190.  This  Group  includes  Al,  Pe,  Cr. 

The  members  of  this  Group  differ  from  those  of  Groups  III.B.,  IV,, 
and  V.  by  being  precipitated  from  their  sohitions  by  AmHO  after 
the  addition  of  AmCl.  They  are  not  precipitated,  however,  by  the 
aroup-reagents  for  Groups  II.  and  I.  This  Group  is  also  precipitated 
by  Am  S  'or  by  H2S  added  to  the  alkaline  solution. 

Group  III.A.  further  differs  from  Group  III.b.  in  l)cing  completely 
precipitated  by  adding  BaCO,  shaken  up  with  water.  This  reagent 
affords  the  most  perfect  meaus  of  separating  these  two  Sub-groups  from 

one  another.  ^   •  .  •    a  1 

The  members  of  Group  III.A.  show  no  characteristic  flame-colora- 
tions ;  but,  with  the  exception  of  Al,  they  impart  a  characteristic 
colour  to  the  borax-bead. 


Aluminium  (Al).— Use  Aluminium  sulphate,  A1,(S0J3. 

191.  AmHO  :  white  flocculent  precipitate  (Al.^Hp^),  which 
is  seen  best  after  the  liquid  has  been  boHed.  It  is  soluble  in 
HCl,  and  in  HA,  and  is  slightly  soluble  in  AmHO  in  the 
absence  of  AmCl : — 

A\^{SO,),  +  6  AmHO = Al^HeOe  +  SAm.SO^ . 

192.  KHO  added  in  very  small  quantity  :  white  floccu- 
lent precipitate  (Al^HeOg)  soluble  in  excess  of  KHO.  Add 
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dilute  HCl  gradually  to  part  of  the  KHO  solution  of  the 
precipitate  until  the  liquid  is  neutral ;  the  AlgH^iOg  is  repre- 
cipitated.  If  more  acid  is  added,  the  precipitate  dissolves, 
but  it  reappears  when  AmHO  is  added  in  slight  excess. 

From  another  portion  of  the  KHO  solution  of  the  preci- 
pitate, the  A1.,H,.,0^;  may  be  reprecipitated  by  the  addition  of 
sufficient  AmCl  solution. 

193.  Ammonium  sulphide,  Am^S :  the  same  precipitate 
(ALH^O,;),  H.,S  gas  being  evolved,  or  remaining  dissolved  in 
the  liquid : — 

A1,(S0,)3  +  3Am,S  +  6H,0  =  AlgHgOg  +  SAm.^SO^  +  3H2S . 

194.  Blowpipe-test. — Heat  some  solid  Al2(S04)3  on  char- 
coal in  the  outer  blowpipe-flame;  then  moisten  it,  after 
cooling,  with  Co(N0.5)o  solution  and  again  heat  it  in  the 
outer-flame ;  a  fine  blue  mass  will  be  obtained. 


Iron  (Fe). — Use  Ferric  chloride,  'Fe.20l^i,  and  Ferrous 
sulphate,  FeSO^.TH^O. 

Ferric  salts  are  usually  yellow  or  reddish-yellow  in  colour. 
Ferrous  salts  are  usually  pale  green  if  they  are  hydrated,  but  white  if 
tlu'y  are  perfectly  anhydrous. 

Use  Fe^Cl^  solution  and  FeSO^  solution  for  reactions  196- 
198;  and  solid  FeSO^.TH.p  for  199  and  200.  In  pre- 
paring FeSO^  solution,  crush  a  crystal  of  the  soHd  substance 
and  shake  it  in  a  test-tube  with  cold  water. 

195.  Two  classes  of  Iron  compounds  are  known,  which  difft-r  in 
appearance  and  in  properties  and  behave  differently  with  reagents. 
They  are  distinguished  as  ferrous  and  ferric  compounds  respectively. 

Ill  the  former  class  the  metal  may  be  termed  ferrosum  (t"e"),  and  in 
the  latter  ferricum  (Fe'").  The  dashes  following  the  symbol  denote 
the  number  of  CI  atoms,  or  their  equivalent,  which  are  combined  with 
one  atom  of  Fe  in  its  compounds. 

It  is  usual  in  stating  analytical  results  to  mention  in  which  state  of 
combination  the  iron  exists,  and  therefore  some  distinctive  tests  are 
described  below. 
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The  whole  of  the  reactions  of  ferrous  compounds  are  not  given, 
because  Fe  is  always  separated  and  detected  in  the  course  of  analysis 
as  a  ferric  compound,  and  ferrous  compounds  are  subsequently  tested 
for  by  trying  special  tests  upon  the  original  substance. 

Ferrous  compounds  are  readily  converted  into  ferric  compounds  by 
boiling  them  for  a  short  time  with  a  little  strong  HNO3,  or  with  HCl 
and  a  crystal  of  KClOo. 

Both  classes  of  compounds  give  tlie  same  results  in  the  l)lowpiiie- 

reactions  (199,  200). 

196.  AmHO,  or  KHO :  with  ferric  salt  a  reddish-brown 
flocculent  precipitate  (Fe.^HgO,;),  insoluble  in  KHO,  soluble 
in  HCl:  with  ferrous  salt  a  dingy  green  precipitate,  ulti- 
mately turning  to  brown  Fe^o^G  on  exposure  to  the  air. 

197.  Am._,S  :  a  black  precipitate  (FeS),  which  is  mixed 
with  white  sulphur  in  the  case  of  ferric  salts : — 

FegClo  +  3 AmoS  =  2FeS  +  S  +  6AmCl . 

FeS  is  soluble  in  boiling  acids,  but  is  insoluble  in  KHO. 

In  very  dilute  iron-solution  a  green  colour  only  is  pro- 
duced at  first  by  AmoS,  but  black  FeS  separates  after  the 
liquid  has  stood  for  some  time  or  when  it  is  boiled. 

198.  Hydrogen  sulphide,  H.,S,  either  passed  as  gas  into 
the  solution,  or  added  as  H.,S-water,  gives  a  black  precipitate 
(FeS)  when  the  iron  solution  is  subsequently  mixed  with 
excess  of  alkaline  hydrate. 

In  neutral  or  acid  solution  of  ferric  salt,  sulphur  is  preci- 
pitated and  the  ferric  salt  is  converted  into  ferrous  salt ;  the 
colour  of  the  solution  therefore  changes  from  yellow  to  pale 
green :  this  change  of  colour  is  visible  in  a  strong  solution, 
after  it  has  been  boiled  and  filtered  :— 

Fe.pig  +  H.3S  =  2FeClo  +  2HC1  +  S. 

199.  Heated  with  Solid  Sodium  carbonate  (Na.^COg)  on 
Charcoal  in  the  inner  blowpipe-flame,  a  solid  iron  compound 
leaves  a  grey  powder  of  metallic  iron  (lIO).    This  is  sepa- 
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rated  by  levigation  (ill),  and  is  shown  to  be  magnetic  by 
being  attracted  when  it  is  touched  under  water  with  the  end 
of  a  magnet,  or  with  tlie  point  of  a  magnetised  knife-blade. 

200.  A  Borax-bead  (io8)  containing  Fe  is  reddish-hrown 
while  hot,  and  yellow  when  cold,  after  it  has  been  fused  in 
tlie  outer  blowpipe-flame :  after  fusion  in  the  inner-flame  it 
is  olive-green. 


Further  DrsTiNcxivE  tests  for  Ferrous  and  Ferric 

SALTS. 

201.  For  these  tests  the  Fe  solution  should  first  bo  acidified  by  the 
iulditiou  of  several  drops  of  dilute  HCl. 


Reagents  to  be  added. 


1.  Potassium  ferrocy- 

anide  (K^FeCyo) : 


2.  Potassium  ferricy- 
anide  (K.jFeCy,;) : 


Fervlc-snlts. 
(Use  FC2CI6  solution.) 


3.  Potassium  sulpho- 
cyanide  (KCyS) : 


Dark  blue  precipitate,  "  Prus- 
sian blue  "  ;  insoluble  in  HCl, 
and  turned  brown  by  KlIO. 


No  precipitate  :  the  solntion 
darkens,  but  is  seen  to  con- 
tain no  i)iecii)itate  when  it 
has  been  diluted  with  water. 


Blood-red  coloration :  no  preci- 
pitate is  produced,  the  liquid 
being  perfectly  clear  on  dilu- 
tion; tlie  colour  is  innnedi- 
ately  destroyed  when  several 
drops  are  poured  into  sonic 
llgCl.j  solution:  its  produc- 
tion Is  hindered  by  IlNO;j 
and  by  II  A. 


Ferrous-salts. 
(Use  FeS04  solution.) 


Light  blue  precipitate, 
liecoining  dark  blue 
in  the  air,  or  on  addi- 
tion of  IINO3  or  of 
lir-water. 

Dark  blue  precipitate, 
"Turnbuirs  blue"; 
insoluble  in  IICI.  In 
very  dilute  solution 
only  a  dark  bluish- 
grey  colour  Is  pro- 
duced. 

No  red  colora  tion  unless 
small  quantities  of 
fcrrie-salls  are  pre- 
sent. 


*  Note.— This  solution  must  he  made  immediately  before  it  is  used,  by  dissolving  a 
small  piece  of  solid  potassium  ferricyanide,  about  the  size  of  a  pin's  head,  in  a  few 
drops  of  water. 

It  will  bo  seen  that  the  addition  of  KOII  or  of  AniOH  (196)  also 
serves  to  distinguish  ferrous  from  ferric  salt,  when  these  salts  are  not 
present  together. 
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Chromium  (Cr). — Use  Chrome-alum,  CrK(SO^)2.12H20  ; 
which  contains  Cr2(S04)3. 

Chromic  salts  are  usually  bluish-green  or  violet  in  colour. 

Remarks. — Chromium  forms  two  classes  of  compounds.  In  one 
class  chromium  in  combination  with  oxygen  acts  as  an  acid -radicle. 
This  class  includes  the  chromates,  whicli  are  usually  yellow  or  reddish 
in  colour. 

But  chromium  also  forms  a  series  of  salts  in  which  it  acts  as  a 
metallic  radicle  ;  these  are  usually  green  or  violet,  and  give  the  above 
reactions  for  Cr. 

The  chromium  salts  pass  by  oxidation  into  chromates  in  reactions 
204,  206,  where  the  oxidation  is  caused  by  PbOg  and  by  KNO3  re- 
spectively. 

Chromates,  on  the  other  hand,  pass  by  reduction  into  green  chromic 
compounds  ;  examples  of  this  change  will  be  found  under  the  tests  for 
chromates  (592). 

202.  AmHO :  pale  bluish-green  or  purple  precipitate 
(CrgHgOg).  If  AmHO  is  added  in  large  quantity  and  the 
liquid  is  heated,  some  of  the  precipitate  will  dissolve,  produc- 
ing a  beautiful  violet-red  solution.  The  colour  of  the  liquid 
is  best  seen  after  the  precipitate  has  been  removed  from  it  by 
filtration.  From  this  red  solution  the  Cy^TI^^Oq  is  reprecipi- 
tated,  when  the  liquid  is  boiled  for  several  minutes  in  a 
porcelain  dish. 

203.  KHO,  if  it  is  added  in  small  quantity,  gives  the  same 
precipitate  (CrgH^Oj;).  If  more  cold  KHO  is  added,  the 
precipitate  is  entirely  dissolved  to  a  green  fluid.  When  this 
liquid  is  diluted  with  water  and  then  boiled  for  several 
minutes,  the  CrgHgO^  is  reprecipitated,  and  the  liquid  be- 
comes colourless.  When  AmCl  is  added  to  the  KHO  solu- 
tion, the  CrgH^Og  is  also  reprecipitated. 

204.  Lead  peroxide  (PbO.,),  or  Red  lead,  may  be  added  to  the  green 
liquid  which  has  been  obtained  by  adding  KHO  iu  excess  to  the 
chromium  solution  (203).  When  this  liquid  is  boiled  with  the  lead 
oxide,  its  colour  changes  to  yellow  ;  a  yellow  precipitate  (PbCr04)  may 
then  be  thrown  down  from  this  yellow  solution  by  adding  to  it  HA  in 
excess. 
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205.  Ara.,S  also  precipitates  Cr^HyOg,  H,..S  gas  being  given  off  or 
remaining  dissolved.    See  the  equation  in  paragraph  193. 

206.  A  Solid  substance  containing  Cr,  if  it  is  heated  with 
fused  (Na.,C03)  and  potassium  nitrate  (KNO.)  on  platinum 
or  porcelain,  yields  yellow  sodium  chromate  (NaoCrO,i).  See 
p]xp,  85  (106).  When  the  cold  product  is  dissolved  in  boil- 
ing water,  a  yellow  liquid  is  obtained.  If  this  solution  is 
acidified  with  HA,  and  is  then  boiled  for  a  few  minutes  in 
order  to  drive  off  CO.,,  it  gives  with  solution  of  lead  acetate 
(PbA.,)  a  yellow  precipitate  of  PbCrO^. 

207.  A  Borax-bead  containing  Cr  (108)  is  green  after  it 
has  been  fused  either  in  the  outer  or  in  the  inner  blowpipe- 
flame. 


Detection  of  One  Metal  in  Group  III. a.,  when  it 

OCCURS  ALONE. 

208.  The  following  Table  of  Differences  will  serve  to 
detect  one  metal  in  Group  III.a.,  when  all  other  metals  are 
absent.  Refer  to  the  remarks  on  the  corresponding  Table 
for  Group  V.  (158),  for  an  explanation  of  the  method  of  using 
this  Table. 
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Group  IIIa. — Table  op  Dipperencbs, 


Tests. 

Al— salts 

Fe'"— salts. 

Fe"-  salts. 

Cr— .salts. 

For  liquids. 
1.  Add  AmllO: 

Wiile  floeciilcnt 
precipitate. 

Reddish  broicn 
fliicculent  pre- 
cipitate. 

Dingy  green  pre- 
cii>i"tate,  rapiilly 
turning  brown 
when  left  ex- 
posed to  the  air. 

/'ale  gre(  n  floccu 
Irnt  i)rcci]iifatc 
colour  unal 
tercd  by  exj)o 
.sure  to  ail'. 

2.  Add  KHO  ; 

^V^lite  flooculent 
p  rec  i  ji  i  t  a  1 0, 
easily  aobilili'  in 
excess  of  KUO. 
not  reprecipi- 
tated  on  dilut- 
ing and  boiliiir/ 
for  some  time. 

Reddisli  hroirn 
fUiccnlcnt  pre- 
cipitate, inso- 
hible  in  excess 
of  KHO. 

The  same  preci- 
pitate as  with 
AmllO,  inso- 
hd/le  in  excess 
of  KUO. 

Pdle  green  preci- 
pitate, solnbl, 
in  excess  of  colt, 
KHO,  but  re- 
precipitated  on 
diluting  and 
boiling  for  some 
time. 

3.  AddKCySand 
a  few  drops  of 
HCl: 

Deep  blood  red 
coloration,  de- 
stroyed by  ponr- 
iiig  into  ligClz 
solution. 

No  coloratio7i  im- 
less  Fe'"  is  also 
present. 

Blowpipe  tests 
for  solids. 

4.     Fiisc  with 
NaoCOj  and 
KNO3  on  pla^ 
tinum  foil : 

On  cooling,  a 
white  mass  of 
NaoCOa  re- 
mains, with 
dark  brown 
])articles  of 

Same  as  Fe"'. 

On  cooling,  a 
yellow  mass 
remains  ;  the 
solution  in  TIA, 
gives  »  yellow 
precipitate  with 
PbAj 

B.    Heated  on 
charcoal : 

If  moistened  with 
Co(N03)2  solu- 
tion and  re- 
heated str(in};ly 
Rives  n  fine  blue 
mass. 

In  inner  flame 
mixed  with 
Na.^COs  gives  a 
grey  magnetic 
powder. 

Panic  as  Fe"'. 

6  k-nsed  in  borax 
bead : 

Reddish  yellom 
in  outer  flame. 
Gretnish  iiclhir 
in  inner  tiame. 

Same  as  Fe"'. 

Ureen    Ix  th  in 
outer  and  inner 
flames. 

209,*  210.*]  GROUP  III.A.— DETECTION  OF  METALS. 


Separation  and  Detection  op  the  Metals  in  Group 
III.A.,  when  they  occur  together. 

209.  *  The  following  Differences  are  utilised: — 

1.  The  solubihty  of  Al^if)^  in  boUiiiy  KHO,  in  which 
FcoHjiO^  and  Cr.,U,.,0^  are  insoluble. 

•2.  The  conversion  of  Cr.^oOo  by  fusion  with  Na^COs  and 
KNO.,  into  soluble  Xa.^CrO^ :  Fe-.H^p^,  when  it  is  thus 
treated,  remaining  as  Ye.p^,  which  is  insoluble  in  water. 

3.  Cr  is  then  detected  by  the  yellow  colour  of  the 
aqueous  solution  of  the  resulting  NaoCrO^,  and  by  the 
formation  of  a  yellow  precipitate  when  this  solution  is 
acidified  with  HA,  and  Vhk.,  solution  is  added  to  it. 

4.  Fe  is  found  by  the  blood-red  coloration  which  is 
obtained  when  KCyS  is  added  to  the  solution  in  HCl  of  the 
FsoOg  resulting  from  (2). 

210.  *  A  Solution  which  may  contain  Al,  Fe,  Cr,  is  ex- 
amined in  the  following  manner  : — 

(a)  .  To  a  few  drops  of  the  hquid,  acidified  with  HCl,  a 
little  K^FeCy,;  is  added :  if  a  blue  precipitate  is  produced, 
Fe  is  present :  proceed  to  (b).  If  no  l)lue  precipitate  forms, 
proceed  to  (c).    Tliis  portion  of  the  Hquid  is  rejected. 

(b)  .  Two  other  small  portions  of  the  acidified  solution  are 
then  tested ;  one  with  freshly  made  solution  of  K3I  eCy^.,, 
whicii,  by  giving  a  dark  blue  precipitate,  would  show  the 
presence  of  Fe" ;  the  other  with  KCyS,  which  may  cause  a 
blood-red  colour,  proving  the  presence  of  Fe'".  These  por- 
tions of  the  liquid  are  rejected.    Proceed  to  (c). 

(c)  .  The  rest  of  the  original  solution  is  boiled,  after  a  few 
drops  of  strong  HNO3  have  been  added  if  ferrous  salt  is 
present.  Some  AmCl  is  added,  then  AmHO  is  gradually 
added  with  constant  stirring,  until  the  liquid  is  just  alkaline 
and  smells  faintly  of  NHg.  The  liquid  is  then  boiled  and 
filtered,  and  the  precipitate  is  examined  by  Table  III. a. 
(1027),  all  the  appended  Notes  being  disregarded. 
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GROUP  III.B.— ZINC  GROUP. 
211.  This  Group  includes  Zn,  Mn,  Ni,  Co. 

Compounds  of  these  metals  differ  from  those  of  metals  of  Groups 
IV.  and  V.  by  being  precipitated  from  their  neutral  or  alkaline 
solutions  by  ammonium  sulphide  (AmgS),  and  from  their  alkaline 
solutions  hy  HoS.  They  are  not  precipitated  by  the  Group-reagents 
for  Groups  III. A.,  II.,  and  I.  Mn  is,  liowever,  gradually  precipi- 
tated by  oxidation,  if  its  solution  is  mixed  with  AmCl  and  excess  of 
AmHO,  and  is  then  exposed  to  the  air. 

The  compounds  of  the  metals  of  this  Group  show  no  characteristic 
flame-colorations  ;  but,  with  the  exception  of  those  of  Zn,  they  give 
characteristic  colours  to  a  borax-bead. 

Finely  powdered  barium  carbonate  (BaOOs)  does  not  precipitate 
the  metals  of  this  Group  from  their  solutions,  as  it  does  the  metals  of 
Group  III.  A.,  unless  they  are  present  as  sulphates. 

Note.— The  yellow  ai,mmonh\m  sulphide,  which  is  repeatedly  referred 
to  in  the  tests  for  Ni  and  Co,  is  the  reagent  which  is  ordinarily  found 
in  the  laboratory.  It  is  a  polysulphide,  and  is  represented  by  the 
general  formula  AmgSn.  The  monosulphide,  AmgS  or  AmHS,  is 
colourless. 


Zinc  (Zn) — Use  Zinc  sulphate,  ZnSO^.THgO. 
Zinc  salts  are  usually  colourless. 

212.  Ammonium  sulpliide,  Am^S :  white  precipitate 
(ZnS).  This  precipitate  often  appears  yellow,  owing  to 
the  presence  of  excess  of  yellow  ammonium  polysulphide 
(AmgSji)  in  the  liquid.  The  true  colour  is  evident,  as  soon 
as  the  precipitate,  produced  by  Am.,S,i,  has  been  separated 
from  the  liquid  by  settling  or  by  filtration. 

The  colour  and  the  solubility  of  this  precipitate  is  proved 
in  the  next  paragraph. 

213.  Hydrogen  sulphide,  HgS  :  white  precipitate  (ZnS). 
Zn  is  only  partly  precipitated  from  a  neutral  solution  by 


[214,215.]  GROUP  III.B.— ZINC.  i^-L 

H.,S,  since  H.^SOp  in  which  ZnS  is  sokible,  is  formed  during 
the  reaction : 

ZnSO,  +  H,S  =  ZnS  +  H,SO, . 

If,  however,  NaHO  or  AmHO  has  been  added  in  sufficient 
excess  to  the  zinc  solution,  it  will  form  a  clear  solution 
(214,  215) ;  and  since  free  H.SO^  cannot  exist  in  this  alka- 
line liquid,  the  Zn  may  be  entirely  precipitated  from  it  as 
sulphide  by  HoS. 

The  addition  of  a  sufficient  quantity  of  solution  of  sodium 
acetate  (NaA)  to  the  zinc  solution  also  enables  H.^S  to  effect 
complete  precipitation  of  the  Zn  as  sulphide,  since  acetic 
acid  (HA),  hi  which  ZnS  is  insoluble,  is  produced  in  the 
solution  : 

ZnSO,  +  H,S  +  2Na  A  =  ZnS  +  Na.SO,  +  2H  A . 

Add  to  some  ZuSO  ^  solution  AmCl,  then  AmHO  until  it 
is  alkaline,  and  then  H,S.  White  ZnS  will  be  precipitated. 
Add  to  separate  portions  of  this  liquid  HCl,  HA,  and  Am.^S 
respectively ;  ZnS  will  be  found  to  be  soluble  in  HCl,  but 
insoluble  in  HA  and  in  AmgS. 

Note.— The  tests  which  show  tlie  solubility  of  the  sulphides  of  the 
metals  of  this  Group  are  best  tried  on  the  precii»itate  which  is  obtained 
by  the  addition  of  AuiCl,  AmHO  in  excess,  and  H.^S  to  the  solution  of 
the  metal,  unless  freshly  prepared  colourless  AnigS  can  be  obtained  ; 
since  the  ijclloiu  polysuli)hide  solution  causes  sulphur  to  precipitate 
together  with  the  metallic  sulphide  : 

ZnSOj  +  AmaSa  =  ZnS  +  S  +  Am-^SOj . 

The  sulphur,  tlius  precipitated,  is  not  dissolved  by  the  solvents  of 
the  metallic  sulphide. 

214.  KHO,  added  in  small  quantity,  gives  a  white  pre- 
cipitate (ZnH.p.^).  The  addition  of  more  KHO  causes  this 
precipitate  to  dissolve;  but  it  is  formed  again  when  much 
water  is  added  and  the  solution  is  boiled.  The  Zn  may  also 
be  precipitated  from  the  KHO  solution  as  ZnS  by  the  addi- 
tion of  HgS. 

215.  AmHO,  if  added  in  small  quantity,  also  yields  a  precipitate, 
which  is  soluble  in  excess.  The  formation  of  this  precipitate  is 
prevented  by  the  previous  addition  of  AmOl. 
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2l6.  Blowpipe-test  on  Charcoal.  —  Mix  some  finely 
powdered  ZiiSO.^.TH^O  and  ^33003  in  a  small  cavity  on 
wood-charcoal.  Heat  the  mixture  in  the  inner  blowpipe- 
flame.  An  incrustation  will  be  obtained  on  the  charcoal, 
Avhich  is  yelloio  while  hot,  and  loldte  when  cold.  This  deposit 
cannot  be  driven  away  by  the  outer  blowpipe-flame,  but  it 
is  easily  removed  when  it  is  heated  in  the  inner  flame. 

Moisten  the  cold  incrustation  with  cobalt  nitrate  solution 
and  heat  it  strongly  in  the  outer  blowpipe-llame ;  it  will 
become  (jrcen. 

Note. — The  above  changes  of  colour  are  more  distnictly  seen  when 
a  little  zinc  oxide  (ZnO)  is  iieated  in  an  ignition  tube,  or  in  the  outer 
blowpipe-lianie  011  charcoal.  The  oxide  will  be  yelloio  while  it  is  hot 
and  vihite  when  it  cools.  If  the  oxide  is  moistened  on  charcoal  with 
Co(NO;j)o  solution,  and  is  then  i-elieated  in  the  outer  blowpipe-flame,  it 
will  become  green. 


Mangankse  (INIn). — Use  Manganese  chloride  (MnCl.,),  or 
Manganese  sulphate  (MnSO.,). 

Manganous  salts  are  usually  ol  a  ixde  2nnk  colour.  Alkaline  man- 
ganates  are  green,  permanganates  are  purple. 

21J.  Am._,S  :  flesh-coloured  or  pale  pink  precipitate  (MnS). 
The  true  colour  of  this  precipitate  is  only  seen  after  it  has 
been  separated  by  filtration,  if  the  ammonium  sulphide  was 
yellow.  The  precipitate  occasionally  becomes  dark  green  after 
standing  for  some  time.  The  colour  of  the  moist  filtered 
precipitate  always  changes  by  oxidation  to  dark  brown,  when 
it  is  allowed  to  stand  in  contact  with  the  air.  For  the  solu- 
bility of  this  precipitate,  refer  to  paragraph  2l8. 

218.  H._,S  precipitates  pale  pink  MnS,  partially  from  neutral 
solutions,  and  entirely  from  alkaline  solutions,  but  it  pro- 
duces no  precipitate  in  the  presence  of  HCl  or  of  HA. 

Add  to  some  MnCh,  solution  AmCl,  AmHO  in  excess, 
and  then  HgS ;  and  show  with  separate  portions  of  the 
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precipitate  that  MnS  is  soluble  in  HCl  and  in  HA,  but  is 
insoluble  in  AnioS. 

219.  KHO:  white  precipitate  (MnHp.,),  insoluble  in 
excess,  and  quickly  turning  brown  by  oxidation  in  the  air. 
This  change  of  colour  is  most  rapid  after  the  precipitate  has 
been  filtered  off,  since  it  is  then  exposed  more  fully  to  oxida- 
tion by  the  air. 

220.  AmHO  gives  the  same  precipitate  (MnHoO.,).  If 
sufficient  AmCl  is  first  added,  however,  AmHO  produces  no 
immediate  precipitate  ;  but  if  this  alkaline  liquid  is  exposed 
to  the  air,  it  gradually  turns  brown  by  oxidation,  and  the 
Mn  is  ultimately  precipitated  as  a  brown  hydroxide. 

221.  Blowpipe- test  by  Oxidation.— When  any  solid  sub- 
stance containing  Mn  is  heated  upon  platinum  foil  in  the 
outer  blowpipe-flame,  in  contact  with  a  fused  mixture  of 
XaXO.  and  KXOg,  the  product  yields  a  Uuish-green  mass 
when  it  cools.  The  mixture  of  the  substance  with  the  alka- 
line salts  should  be  heated  by  allowing  the  tip  of  the  blowpipe- 
flame  to  touch  the  under  surface  of  the  foil;  the  flame 
must  not  be  allowed  to  come  into  contact  with  the  surface  of 
tlie  mixture  (106,  Exp.  85). 

The  test  may  also  be  made  by  fusing  a  mixture  of 
NaoCOg  and  KNO3  into  a  bead  in  a  loop  of  platinum  wire, 
then  taking  up  a  little  of  the  manganese  compound  upon  the 
surface  of  the  moistened  bead,  and  fusing  it  into  the  bead  by 
heating  it  in  the  extreme  tip  of  the  outer  blowpipe-flame. 

This  reaction  is  a  very  delicate  test  for  the  presence  of 
manganese. 

222.  Blowpipe-test  on  Charcoal. — When  any  manganese  coniitound 
is  heated  with  fused  Na2CO;5  on  charcoal  in  the  inner  blowpipe-llanie  it 
yields  a  grey  magnetic  powder  of  Mn  (no,  ill). 

223.  A  Borax-bead  (108),  which  contains  very  little  Mn, 
will  be  violet-red  whilst  hot  and  amei h y st-red  wh.en  cool,  after 
it  has  been  fused  in  the  outer  blowpipe-flame.  When  the 
bead  is  heated  in  the  inner  blowpipe-flame  it  becomes  colourless. 
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REACTIONS  OF  THE  METALS. 


[224-227.] 


This  reaction  is  very  delicate,  and  yields  a  result  with 
even  minute  quantities  of  manganese  compounds.  Larger 
quantities  of  manganese  render  the  bead  opaque,  after  it  has 
been  heated  in  the  outer  blowpipe-flames. 


Nickel  (Ni).— Use  Nickel  sulphate,  NiSO^.TH.p. 
Nickel  salts  are  usually  bright  green  in  colour. 

224.  Am.^S  :  black  precipitate  (NiS). 

Add  yelloio  ammonium  polysulphide  in  excess,  boil  and 
filter.  The  filtrate  will  be  coloured  brown  by  NiS,  which 
has  been  dissolved  by  the  excess  of  the  polysulphide. 

Pour  this  dark  coloured  filtrate  into  a  porcelain  dish  and 
boil  it  for  some  time,  adding  distilled  water,  if  necessary,  in 
order  to  prevent  the  liquid  from  evaporating  to  dryness.  The 
dissolved  NiS  will  be  reprecipitated,  and  when  it  has  been 
filtered  off,  the  filtrate  will  be  colourless. 

If  HA  is  added  in  excess  to  the  dark-coloured  filtrate, 
the  dissolved  NiS  will  also  be  reprecipitated. 

For  the  solubility  of  NiS,  refer  to  the  next  paragraph. 

225.  H.,S  :  black  precipitate  (NiS)  in  a  neutral  solution, 
or  in  a  solution  which  contains  no  free  acid  except  HA 
(213).    HCl  and  other  acids  prevent  the  precipitation. 

Add  to  NiSO^  solution  AmCl,  then  AmHO  in  excess  and 
then  HoS ;  and  show  with  the  precipitate,  thus  produced, 
that  NiS  is  insoluble  in  cold  HCl  and  in  HA,  but  is 
dissolved  when  it  is  heated  with  HCl  and  a  crystal  of 
potassium  chlorate  (KCIO3). 

226.  KHO  :  light  green  precipitate  (NiH.^Og). 

227.  AmHO,  added  in  very  small  quantity,  gives  a  bluish- 
green  precipitate  (NiH^O^,)-  This  precipitate  is  soluble  in 
excess  of  AmHO  to  a  violet-blue  liquid  :  it  is  also  soluble 
in  AmCl. 


[228-231.] 


GROUP  III.B, — NICKEL. 
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If  AiuCl  is  first  added  to  the  NiSO^  solution,  the  addition 
of  AmHO  causes  no  precipitate. 

228.  Solution  of  Potassium  cyanide  (KCy),  if  it  is 
freshly-prepared  by  dissolving  a  fragment  of  solid  KCy  ni 
water,  and  is  added  in  small  quantity  to  the  nickel  solution, 
gives  a  yellowish-green  precipitate  (NiCyo).  The  further 
addition  of  the  KCy  solution  dissolves  this  precipitate  ;  but 
the  precipitate  appears  again  when  sufficient  HCl  is  added  to 
this  solution. 

229.  Precipitation  as  Ni.,H^,0^;    from  NiCy,.2KCy.— 

Acidify  some  NiSO.^  solution  with  several  drops  of  HA. 
Then  add  freshly-made  KCy  solution  gradually,  while  stirring 
or  shaking  the  nickel  solution,  until  the  precipitate,  which 
forms  at  first,  is  just  redissolved. 

Boil  this  solution  for  a  short  time  :  then  cool  it,  and 
divide  it  into  two  parts. 

The  addition  of  IICl  in  excess  to  one  part  will  produce  a 
precipitate  of  NiCy.j,  which  often  appears  only  after  a  time. 

A  black  precipitate  (NiJI^O,.,)  will  be  formed  on  the 
addition  to  the  other  part,  either  of  sodium  hypochlorite 
solution  (NaClO),  or  of  potassium  hypobromito  (KBrO). 
The  hypobromite  is  conveniently  prepared  by  adding  to  the 
nickel  cyanide  solution  first  KHO  in  excess,  and  then  bromine 
water  (Br)  until  the  liquid  remains  yellow.  The  black  pre- 
cipitate forms  more  rapidly  if  the  liquid  is  warmed. 

230.  Blowpipe-test  on  Charcoal. — When  a  mixture  of  finely- 
powdered  NiSO4.7H.2O  and  NaoCO;,  is  licatcd  on  charcoal  in  the  inner 
blowpipe-llame,  a  grey  powder  of  Ni  will  remain,  wliicli  may  be  sepa- 
lated  by  levigation  and  shown  to  be  attracted  by  the  magnet  (no, 
III). 

231.  A  Borax-bead  containing  Ni  is  violet  or  rcddisli-hroum 
immediately  after  it  has  been  fused  in  the  outer  blowpipe- 
Hame,  and  it  becomes        yellow  on  cooling. 

If  the  bead  is  heated  for  some  time  in  the  inner  blowpipe- 
flame,  it  becomes  black  and  ojpaque. 

K 
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Cobalt  (Co).— Use  Cobalt  nitrate,  Co(N03).,.6H20. 

Hydrated  cobalt  salts  are  usually  reddish-pink  in  colour  ;  in  tlie 
anhydrous  condition  tliey  are  iisually  hhie  or  purple. 

232.  Am.^S  :  black  precipitate  (CoS).  If  much  yellow 
ammonium  polysulpliide  is  added,  and  the  liquid  is  then 
boiled  and  filtered,  the  filtrate  is  coloured  yelloio  by  Am^Sjj ; 
it  is  not  dark  coloured,  since  CoS,  unlike  NiS,  is  insoluble  in 
yellow  Am.,Sjp  For  the  solubility  of  CoS,  refer  to  the 
next  paragraph. 

233.  HoS  :  black  precipitate  (CoS),  forming  only  in  alka- 
line solutions,  or  in  solutions  which  contain  no  free  acid 
except  HA  (213).  The  presence  of  HCl  prevents  the  pre- 
cipitation. 

Add  AmCl,  then  AmHO  in  excess,  and  then  HoS,  to 
some  Co(N03)o  solution,  and  pour  into  two  separate  portions 
of  this  liquid  HCl  and  HA  respectively ;  the  precipitate 
will  not  dissolve.  To  the  portion  containing  HCl  add  a 
crystal  of  KCIO3  and  heat,  the  precipitate  will  dissolve 
readily. 

234.  KHO  :  blue  precipitate  (CoHoOo).  The  colour  of 
the  precipitate  changes  by  oxidation  on  exposure  to  the  air, 
also  when  the  liquid  containing  the  precipitate  is  heated. 

235.  AmHO  :  bluish-green  precipitate,  having  the  same 
properties  as  that  produced  by  KHO.  The  precipitate  is 
soluble  in  excess  of  AmHO  and  in  AmCl,  and  is  therefore 
not  formed  if  AmCl  is  added  to  the  cobalt-solution  before 
AmHO,  or  if  AmHO  is  added  in  excess. 

236.  Freshly-prepared  KCy  solution,  if  it  is  added  in 
small  quantity,  gives  a  reddish-brown  precipitate  (CoCy^). 
When  more  KCy  solution  is  added  slowly,  and  while  shaking 
the  liquid,  the  precipitate  dissolves ;  but  it  reappears  when 
HCl  is  added  to  the  solution. 

237.  Cobalticyanide  reaction.  —  Acidify  some  00(^03)2 


[238-240.] 


GROUP  III.B. — COBALT. 
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solution  with  a  few  drops  of  HA;  then  add  freshly-made 
KCy  solution  slowly,  until  the  precipitate  which  forms  at 
first  is  just  redissolved. 

Boil  this  liquid ;  then  cool  it,  and  divide  it  into  two  parts. 
Add  to  one  of  these  portions  HCl;  and  to  the  other  either 
NaClO  solution,  or  excess  of  XaHO  solution  followed  by 
sufficient  Br-water  to  render  the  liquid  permanently  yellow ; 
no  precipitate  will  appear  in  either  case,  even  when  the  Hquid 
is  warmed.    Kefer  to  229- 

The  (lifrerenoe  in  behaviour  of  sohitions  of  Ni  and  of  Co,  which 
have  been  boiled  with  excess  of  KCy,  is  due  to  tlic  fact  tliat  NiCj'a 
forms  witli  KCy  a  compound  (NiCvo-SKOy)  wliich  is  easily  decom- 
posed :  whereas  CoCy.,  forms  with  excess  of  KCy,  in  the  presence  of 
atmospheric  oxygen,  the  very  stable  compound  K-jCoCyg,  potassium 
vobaltieymiide,  which  resists  decomposition  by  acids  and  by  alkaline 
i>xidising  solutions  : — 

2CoCy2  +  8 KCy  -I-  2ir20  +  0  =  2K;,CoCyo  +  2K0H  +  HgO . 

238.  Blowpipe-test  on  Charcoal. —When  a  solid  cobalt  compound 
is  mixed  with  NaoCO;.,  and  the  mixture  is  fused  on  cliarcoal  in  the 
inner  blowpipe-flame,  it  yields  a  grey  magnetic  powder  of  Co  (lio,  ill). 

239.  A  Borax-bead,  which  has  been  dipped  into  a  strong 
solution  of  Co(N03)o,  assumes  a  fine  blue  colour  when  it  is 
fused  in  either  the  inner  or  the  outer  blowpipe-fliirae. 
This  colour  is  produced  even  by  minute  quantities  of  cobalt 
compounds. 


Detection  op  One  Metal  in  Group  III.b.,  when  it 

OCCURS  alone. 

240.  The  following  Table  of  Differences  will  servo  to 
detect  one  metal  in  Group  III.b.,  when  all  other  metals  are 
absent. 

The  distinction  between  Ni  and  Co  in  the  Tabic  depends 
upon  noting  the  presence  of  NiS  in  ydlow  ammonium  poly- 
sulphide  ;  this  is  proved  by  a  dark  filtrate  being  obtained 
when  the  precipitated  sulphide  is  warmed  with  excess  of  the 
yellow  poly  sulphide  and  the  liquid  is  filtered. 
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[241,* 


Group  III.h.— 


Tests. 


For  liquids. 


1.  Add  AnioS; 
AmOl,  AiuIIO 
niid  Ha-S-water. 

2.  Add  KnO: 


or 
in 


better, 
excess, 


3.  Add  KCy  solution  : 
This  test  need  only  be  tried 
when  ;i  hlaclc  precipitate 
has  been  obtained  by  Test 
No.  1. 


Bloicpipe  tests  for  solids. 

4.  Fused  with  NajCOs  on 
charcoal  in  the  inner  blow- 
pipe llame. 


5.  Borax  bead : 


Zn— salts. 


White  precipitate :  soluble  in 
cold  dilute  UCl:  insoluble 
in  HA. 

White  precipitate:  solvble  in 
excess  of  KHO. 


A  white  incrustation,  which, 
if  moistened  with  Co(XO.()2 
and  heated  in  the  outer 
flame,  turns  green. 

The  substance  itself,  when 
strongly  heated  after  hav- 
ing been  moistened  with 
00(^03)2  also  becomes 
green. 


ifn — salts. 


Pink  precipitate :  soluble  in 
cold  dilute  HCl :  soluble  in 

UA. 

White  precipitate;  turning 
brown  in  the  air :  insoluble  in 
KUO. 


A  grey  powder. 

The  substance,  if  fused  with 
KaoCOj  and  KNO3  on  plati- 
num foil  in  out-er  flame, 
gives  a  bluish  green  nsass. 


JOuter  flame- 
(Inner  llanie.- 


-Jmethyst  red. 
-Colourless. 


Separation  and  Detection  op  the  Metals  in  Group  IIT.b., 

WHEN  they  occur  TOGETHER. 

241.*  The  following  DilFerences  are  made  use  of: — 

1.  The  solubility  of  jSTiS  in  yellow  ammonium  poly- 
sulphide,  in  which  ZnS,  MnS,  and  CoS  are  insoluble. 

NiS  may  tlien  be  reprecipitated  by  boiling  this  solution,  or 
by  the  addition  of  HA,  and  the  presence  of  JSTi  may  be  con- 
firmed by  heating  the  NiS  in  a  fused  borax-bead  (231). 

2.  The  solubility  of  ZnS  and  MnS  in  cold  dilute  HCl,  in 
which  NiS  and  CoS  are  almost  insoluble. 
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Table  of  Differences. 


Ni— salts. 


rdack  precipitate :  soluble  in  boiling  yellow 
A  m.,S  to  a  dark  solution  :  iiisoliible  in  cold 
dilute  UCl  and  in  HA. 

Qreen  pfecipitatc :  insolublo  in  KHO. 


Added  in  slit;lit  excess  to  the  leeMy  at  id 
solution  and  boiled  for  some  time,  tliuii 
Kr-water  and  oxeesi  of  NaJK)  aildod,  gives 
a  black  iirecipitate  on  heating. 


.V  grey  magnetic  powder. 


(  ^  ,     a         (Violet  or  yclloiv  while  hot. 
\  Outer  flame,  ■(y-,,,,^^.  when  cold. 
(  Inner  llame.— Gf/fi/  or  opa'iue  bead. 


Co— salts. 


Tilack  precipitate:  insoluble  in  boiling  yelloio 
Ai)i.,S  ,  in  cold  dilute  IICI,  and  in  IIA. 

Blue  preci/dtate :  insoluble  in  KlIO. 


Added  in  slijiht  excess  to  the  feebly  acid 
solution  an(l  boiled  for  some  time,  then 
Br-water;uid  excess  of  NallO  added,  gives 
uo  precipitate  on  heating. 


A  grey  magnetic  powder. 


Outer  and  inner  flames. — Fine  blue  bead. 


3.  The  solubility  of  Znll.p^  in  cold  KHO,  in  which 
MnH.,0.^  is  insoluble. 

White  ZnS  may  then  be  precipitated  from  this  alkaline 
solution  by  the  addition  of  H.,S :  and  the  MnH.20.2  may  be 
heated  in  a  fused  mixture  of  iSra._,C( ).;  and  KNO3,  when  it 
will  yield  a  bluish-green  mass  (221 ). 

4.  The  difference  in  behaviour  of  the  solution  of  NiCy.2 
and  of  CoCy.j  in  excess  of  KCy  solution,  when  the  liquid 
is  warmed  with  NaClO,  or  with  Nar)rO  (229,  237). 

5.  The  marked  difference  in  colour  of  the  borax -bead  con- 
taining Ni  from  that  containing  Co  is  a  further  means  of 
detecting  these  metals. 
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KEACTIONS  OF  THE  METALS.  [242*-244.] 


Mn  may  be  separated  from  Zn,  Ni,  and  Co  by  passing  HgS  into  the 
neutral  solution  which  has  been  saturated  with  NaA  (213):  Mn  alone 
remains  in  solution  (21B),  and  the  other  metals  are  precipitated  as 
sulphides. 

Another  method  for  separating  Ni  and  Co  depends  upon  the  fact 
that  while  Co  is  precipitated  as  Co2(HO)e  from  its  solution  by  BaCO:j 
in  the  presence  of  Br,  Ni  is  not  precipitated  by  this  means  and  remains 
in  solution. 

242.*  A  Solution  is  Examined  for  Zn,  Mn,  Co,  Ni, 

by  adding  AmCl,  then  AmHO  in  excess,  and  then  yellow 
Am^S,,  until  the  Hquid  smells  of  the  sulphide  after  it  has 
been  well  stirred  or  shaken. 

The  liquid  is  then  heated,  and  a  few  drops  of  it  are 
poured  upon  a  filter.  If  the  filtrate  is  colourless,  sufficient 
Am^Sn  has  not  been  added ;  more  AmoSn  must  then  be  poured 
in,  the  liquid  must  be  once  more  filtered,  and  the  colour 
of  the  filtrate  must  be  again  observed. 

As  soon  as  the  filtrate  is  brown  or  yellow  in  colour, 
proving  that  AmoS^  has  been  added  in  excess,  the  whole  of 
it  is  heated  and  filtered,  and  the  precipitate  is  examined  by 
Table  III.b.  (1028). 

If  the  filtrate  is  yellow  it  is  rejected,  if  it  is  brown  it 
must  be  examined  for  Ni  according  to  paragraph  1020. 


Reactions  op  the  Rarer  Elements  in  Group  III. 

243.  In  this  Group  are  iucluded  U,  In,  Ti,  Be,  Tl,  [V],  (Zr,  Ce, 
Ta,  Nb,  La,  Di,  Y,  E,  Th). 

244.  Tl  is  often  partially  precipitated  as  chloride  in  Group  I.,  and 
its  reactions  are  given  under  that  Group.  V  is  not  precipitated  unless 
acid  is  added  in  excess,  after  AnigS  has  been  added. 


Uranium  (U).— Use  Uranyl  nitrate,  (U02)"(N03)2. 

U  occnrs  in  nature  principally  as  pitcliblendc,  an  oxide  ;  also  as 
uranite,  a  hydrated  uranium  calcium  phosphate  ;  and  as  chalcolite, 
hydrated  uranium  copper  phosphate. 


[245-256.]         GROUP  III.— UKAKIUM,  INDIUM. 
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245.  AmHO,  KHO,  or  NaHO:  yellow  preciiiitate  of  umiiato, 
insoluble  in  excess. 

246.  Anx.S  gives  in  neutral  solutions  a  dingy  yellow  or  Irown  preci- 
pitate of  uniniuni  oxysulphide,  which  dilfers  from  ZnS,  MnS,  and 
FeS  by  being  soluble  in  Ani,CO;j.  The  precipitated  oxysulphide  settles 
slowly,  unless  AniCl  is  added  ;  it  is  soluble  in  acids,  even  in  HA  ; 
when  it  is  hented  with  Am.^S  in  excess,  it  is  clianged  into  uranous 
oxide  and  sulphur. 

247.  HgS  produces  uo  precipitate  in  acid  solutions. 

248.  Am.,CO.„  KHCO3,  or  NaHCO^ :  yellow  precipitate  of  double 
carbonate,  easily  soluble  in  excess  ;  from  this  solution  the  uranium  is 
reprecipitated  by  the  addition  of  NaHO  or  KHO,  or  by  boiling  the 
liquid  ;  it  differs  in  this  respect  from  the  corresponding  iron  precipitate. 

249.  K^FeCye  gives  in  acid  solutions  a  reddish-brown  precipitate, 
which  differs  from  the  similar  one  produced  in  a  copper  solution, 
by  dissolving  in  excess  of  AniHO  to  a  yellow  liquid. 

250.  BaCOj  causes  complete  precipitation  even  in  the  cold. 

251.  Zn  changes  the  yellow  colour  of  acid  solutions  to  green. 

252.  Borax  and  Microcosmic  beads :  after  being  heated  in  the 
outer  flame,  yellow  ;  inner  flame,  green. 


Indium  (In).  —Use  Indium  sulphate,  ^12(804)3. 

Indium  occurs  in  zinc-blende  and  in  wolfram. 

253.  Alkaline  hydrates  precii)itate  a  hydrate  resembling  AlaH^O^, 
which  is  insoluble  in  excess.  Indium  solutions  are  also  precipitated  by 
alkaline  carbonates,  by  Na2Hr04,  by  boiling  their  neutral  solutions 
with  excess  of  NaA,  liy  l5aL'0:j,  and  by  alkaline  oxalates. 

254.  gives  no  precipitate  in  strong  and  acidified  solutions ;  in 
dilute  and  feebly  acid  solutions  a  little  sulphide  separates  ;  in  a  solu- 
tion containing  no  free  acid  but  HA  the  metal  is  entirely  precipitated 
as  yello^o  sulphide.  This  precipitate  is  insoluble  in  cold  AmgS,  but 
dissolves  when  the  AmaS  is  boiled  :  white  indium  sulphide  separates  as 
the  hot  solution  cools. 

255.  Am.,S,  added  after  H2T  and  excess  of  AmHO,  gives  a  white 
precipitate,  which  becomes  yellow  when  it  is  treated  with  HA. 

256.  Flame-Coloration  :  bluish-violet.    The  spectrum  shows  a  very 
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characteristic  blue  line  ;  when  indium  chloride  is  introduced  into  the 
flame  this  line  is  brilliant,  but  it  very  rapidly  disappears  (fig.  68, 
Ii6). 


Beryllium  (Be).— Use  Beryllium  sulphate,  Be2(S0j);j. 

Be  occurs  as  silicate  in  phenakite,  and  as  silicate  with  aluniiniuni 
silicate  in  beryl  and  in  emerald. 

257.  Am.S,  AmHO,  KHO,  or  NaHO  precipitates  tlie  flocculent 
hydrate,  wliich  resembles  Al.,HuOfi  in  appearance,  and  in  being  soluble 
in  KHO  :  it  differs  from  AloH^Oy  in  being  precipitated  from  its  solu- 
tion in  KHO  by  dilution  and  long  boiling,  and  by  the  freshly  preci- 
pitated hydrate  being  dissolved  when  it  is  boiled  for  some  time  with 
Am  CI  solution. 

258.  Alkaline  carbonates  precipitate  a  carbonate,  which  is  soluble 
in  excess  of  the  reagent ;  the  carbonate  is  reprecipitated  when  this 
solution  is  diluted  and  boiled  for  some  time  ;  the  solution  and  repreci- 
pitation  are  most  easily  effected  when  AniaCOa  is  used  as  the  reagent. 
(Difference  from  AloHgOg.) 

259.  BaCOg  precipitates  Be  solutions  completely. 

260.  H2C2OJ  and  Alkaline  oxalates  produce  no  precipitate. 

261.  Moistened  with  Co(N03)o  solution  and  heated  on  charcoal 
in  the  outer  blowpipe-flame,  a  grey  mass  is  obtained.  (Difference 
from  Al.) 


Titanium  (Ti).— Use  Titanium  oxide,  TiOg. 

Ti  occurs  as  TiO.^,  with  traces  of  Fe,  Mn,  Cr ;  also  in  rutile, 
anatase,  and  brookite.  TiOg  occurs  also  in  combination  with  Fe  in 
titaniferous  iron  ore. 

262.  Ignited  TiO.,  is  insoluble  in  water  and  in  most  acids  :  it  is 
easily  soluble  in  HF,  less  readily  in  boiling  strong  H2SO4  :  it  also 
becomes  soluble  in  cold  water  alter  it  has  been  heated  with  fused 
KHSO4.  TiOg  diflers  irom  SiOg  by  not  being  volatilised  when  it  is 
heated  in  a  platinum  dish  with  HF  and  strong  H2SO4. 

263.  By  Dilution  and  long  BoUing,  white  flocculent  hydra  ted 
TiOa  is  precipitated  from  solution  in  H2SO4  or  in  HCl,  and  from  the 
aqueous  solution  prepared  after  treatment  with  fused  KHSO4:  the 
precipitate  is  metatitanic  acid  :  it  cannot  be  filtered  off  until  either 
an  acid  or  AmCl  lias  been  added. 
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264.  AmHO,  KHO,  NaHO,  Am.,S,  or  BaCO.,,  white  lloeculeiit  pie- 
ci[)itati',  iusohible  in  excess:  if  tlie  pieeii>itatioii  ami  washing  have 
been  oanied  out  in  the  cold,  the  precipitate  dissolves  in  HCl  and  iu 
dilute  HoSOj. 

265.  Zn  or  Sn  gives  in  strong  acid  solutions  a  blue  coloration  ;  if 
the  solution  is  dilute,  a  rose-red  coloration  is  produced. 

266.  NaoS.p..  precipitates  Ti  solution  entirely  wlun  the  li(iuid  is 
boiled.    (Dillerence  from  Pe.) 

267.  Microcosmic-bead  :  in  the  outer  ilamc  while  hot,  co^o«?'- 
(t\is  when  cold  :  in  the  inner  flame  yelloio  while  hot,  violet  when  cold. 

The  production  of  these  colours  is  promoted  by  introducing  a  frag- 
ment of  Sn  into  the  fused  bead.  The  addition  of  a  small  quantity  of 
FeSOj  causes  the  bead  to  become  blood- red,  when  it  is  heated  in  the 
inner  blowpipe-iiame. 


Vanadium  (V). — Use  Sodium  vanadate,  NaVO.j. 

V  occurs  in  vanadinite  [3Pb;,(  1^04)2.  PbClg],  and  in  certain  Fe-ores 
and  Cu-ores.  Vanadium  is  known  in  several  stages  of  oxidation  ;  it 
usually  occurs  in  analysis  as  vanadic  acid  or  a  vanadate,  which  in  acid 
solution  is  of  a  yellow  or  reddish  colour, 

271.  HoS,  HoSO.,,  or  K,C.,0^  reduces  an  acid  solution  of  a  vanadate, 
and  causes  the  colour  of  the  solution  to  change  to  Um  ;  with  H2S  a 
deposit  of  sulphur  is  also  formed. 

272.  AnioS,  if  added  in  excess,  gives  a  brown  liquid  ;  the  addition 
of  an  excess  of  acid  to  this  brown  liquid  produces  a  brow7i  precipitate 
of  V2S5 ;  the  brown  precipitate  is  redissolved  by  an  excess  of  AnigS, 
yielding  a  reddish-brown  liquid. 

273.  Zn,  when  introduced  into  a  very  dilute  solution,  which  is 
acidified  with  H0SO4  and  is  then  gently  warmed,  causes  the  liquid  to 
change  in  colour  to  blue,  then  to  green,  and  then  to  lavender-blue. 

274.  Solid  AmCl,  if  it  is  added  to  the  solution  until  it  is  saturated, 
precipitates  Ain^VOj,  which  is  insoluble  in  saturated  AmCl  solution. 

275.  H.,02)  vvhen  shaken  up  with  an  acid  solution,  imparts  to  it  a  red 
colour  ;  this  colour  is  not  removed  by  shaking  the  liquid  with  ether. 
This  is  a  very  delicate  test. 
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276.  Borax-bead :  in  the  outer  llame  colourless,  or  yellow  if  much 
V  is  present :  in  the  inner  flame  green  hot  and  cold,  or,  if  much  V  is 
present,  brown  hot  and  green  cold. 


Detection  op  the  Rarer  Elements  in  Group  III. 

For  the  Detection  of  these  Rarer  Elements  of  Group  III.  in  the 

ordinary  course  of  analysis,  refer  to  the  third  and  fourth  columns  in 
Table  1090,  and  to  Table  1091. 
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GROUP  II.— COPPER  AND  ARSENIC  GROUP. 

This  Group  includes  the  metals  Hg,  Pb,  Bi,  Cu,  Cd,  As, 
Sb,  Sn,  together  with  the  rarer  elements  Pd,  Os,  Rh,  Ru, 
All,  Pt,  Mo,  Se,  Te,  Ir. 

Group  II.  is  subdivided  into  Groups  II.a.  and  II.b. 

The  Reactions  of  the  Rarer  Elements  are  given  in  para- 
graphs 348-378. 


GROUP  II.A.- COPPER  GROUP. 
277.  This  Group  includes  Hg",  Pb,  Bi,  Cu,  Cd,  (Pd). 

The  compounds  of  these  metals  differ  from  those  of  the  metals  in 
Groups  III.A.,  III.B.,  IV.,  and  V.  by  being  precipitated  as  sulphides 
by  H.,S  from  their  acid  solutions.  With  the  exception  of  Pb,  which 
is  partially  precipitated  from  strong  solutions  as  chloride,  these 
metals  are  not  precipitated  from  their  solutions  by  HCl  or  by  soluble 
chlorides. 

The  precipitated  sulphides  of  the  metals  of  Group  II.A.  dilJer  from 
those  of  Group  II.  li.  by  being  insoluble  both  in  Ani.^S  and  in  KHO. 

H2S  does  not  precipitate  the  members  of  this  Group  from  strongly 
acid  solution  readily  or  completely,  until  the  solution  has  been 
suitably  diluted  with  water. 

The  Rarer  Metal,  Palladium  (Pd),  belongs  to  this  Group  ;  its  re- 
actions are  given  in  paragraphs  348-351. 


INlBucuiiicuM  (Hg").— Use  Mercuric  chloride,  HgCl.^. 

278.  Mercury  forms  two  series  of  compounds,  which  arc  distin- 
guished as  Mercuric  and  Memtrous  compounds.  These  two  classes  of 
compounds  behave  differently  with  reagents,  and  the  metal  present  in 
them  may  be  distinctively  called  Mermricum  and  Mercurosum. 
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As  Mcrcuricuni  the  metal  is  classed  in  this  Group,  but  as  Mereuro- 
siim  it  is  classed  in  Group  I.  In  paragraphs  386  ami  387  tests  are 
given,  Avhicli  serve  to  distinguish  mercury  as  Mercurosum  from  mercury 
as  Mercuricum. 

279.  Hydrogen  sulphide,  H,,S  :  black  precipitate  (PIgS). 
If  the  H,S  solution  is  added  slowly,  the  precipitate  is  first 
white,  then  hroicn  or  orange,  and  ultimately  blade.  The 
occurrence  of  these  changes  of  colour,  during  the  addition  of 
ri,S,  is  characteristic  of  mercuric  salts. 

Filter  ofF  the  precipitate  of  HgS,  and  Avash  it  free  from 
dissolved  chlorides;  then  place  portions  of  it  in  two  test- 
tubes. 

Boil  one  of  these  portions  with  strong  HNO3,  the  precipi- 
tate will  not  be  dissolved ;  now  add  HCl  and  warm  again, 
the  precipitate  will  dissolve. 

Boil  the  second  portion  with  Am^S,  the  precipitate  will 
not  dissolve. 

Hence  HgS  is  insoluble  in  hot  strong  HNO3,  and  in  Am,S. 
It  is,  however,  easily  soluble  in  a  mixture  of  HNO3  and  HCl, 
which  is  known  as  aqua  regia. 

280.  Stannous  chloride,  SnCl,  ;  white  precipitate 
(Hg,Cl.,):  if  an  excess  of  SnCl,  is  added,  the  white  pre- 
cipitate becomes  grey  :  the  grey  precipitate  consists  of  fine 
particles  of  Hg  : — 

2HgCl,  +  SnCl.,  =  Hg.,Cl.,  +  SnCl, 
Hg,Cl,  -f-  SnCl.;  =  2Hg  -f  SnCl, . 

Boil  the  liquid,  and  decant  it  from  the  grey  precipitate. 
Then  heat  the  precipitate  with  strong  HCl ;  the  Hg-particles 
will  usually  unite  to  globules,  which  are  visible  through  a 
lens  and  are  frequently  seen  even  by  the  naked  eye. 

281.  Copper,  Cu:  cleanse  a  small  strip  of  copper  sheet, 
or  a  copper  coin,  by  rubbing  it  with  sand-paper,  or  by  dip- 
ping it  into  strong  HNO3.  Immerse  it  in  some  HgCL  solu- 
tion, which  has  been  acidified  by  the  addition  of  a  few  drops 
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of  HCl.    The  Cu  will  become  coated  with  a  grey  film  of 
lig  :— 

HgCl,4-Cii  =  Hg  +  CuCl,. 

Allow  the  Cu  to  remain  immersed  in  the  liquid  for  several 
minntos,  then  remove  it,  dry  its  surface,  and  rub  it  with  a 
cloth  or  with  a  piece  of  wash-leather.  The  Cu  will  appear 
more  or  less  whitened  like  silver,  since  the  mercury  has 
formed  an  amalgam  with  it. 

The  Hg  may  be  readily  driven  off  from  the  copper  by 
heating  it  strongly.  If  the  copper  is  heated  in  a  test-tube, 
or  better  in  a  small  hard-glass  tube  sealed  at  one  end,  a  sub- 
limate of  globules  of  Hg  will  form  upon  the  cool  sides  of  the 
tube. 

282.  Heating  with  Sodium  carbonate,  Na.COg.— Dry 

some  sodium  carbonate  perfectly  by  heating  it  strongly  on 
platinum  foil  or  in  a  porcelain  dish.  Also  dry  the  interior 
of  a  small  test-tube  by  heating  it  in  the  flame,  and  then  suck- 
ing out  the  moist  air  by  a  glass  tube.  Mix  a  little  finely- 
powderod  HgCl.,  intimately  with  about  four  times  its  measure 
of  the  dry  and  finely-powdered  NaCO.j.  Then  transfer  the 
mixture  into  the  tube  and  cover  it  with  a  layer  of  the  dry 
Na.CO.,. 

Now  cleanse  the  inside  of  the  tube  perfectly,  and  proceed 
to  heat  the  upper  layer  of  Na.COa  strongly:  gradually 
extend  the  heat  to  the  mixture  below,  while  the  upper  layer 
is  maintained  at  a  high  temperature.  Hg- vapour  will  be 
evolved,  and  will  condense  in  globules  on  the  inside  of  the 
tube. 

Sometimes  the  globules  of  metal  are  so  small  that  they 
appear  as  a  grey  film  only ;  or  they  are  few  and  scattered 
and  are  not  easily  visible.  In  either  case  the  minute  globules 
may  usually  be  detected  by  means  of  a  pocket-lens ;  or  they 
may  be  united  into  larger  and  visible  globules  by  rubbing 
the  inside  of  the  tube  with  a  glass  rod.  Even  very  minute 
globules  may  be  seen,  when  they  have  been  flattened  by 
pressing  them  with  a  glass  rod  against  the  inside  of  the  tube. 
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Remarks. — The  powder  is  most  easily  transferred  to  the  tube,  by 
alternately  scooping  it  up  with  the  mouth  of  the  tube,  and  tapping  the 
tube  upon  the  table  so  as  to  shake  the  powder  to  the  bottom. 

Or  the  powder  may  be  poured  upon  a  narrow  strip  of  notepaper, 
which  has  been  folded  over  into  a  trough,  and  the  paper  may  be  then 
pushed  -into  the  horizontal  tube  ;  if  the  tube  is  now  held  erect  and 
tapped,  the  powder  will  be  easily  transferred  to  the  bottom  of  the  tube 
without  soiling  the  glass. 

Both  the  inside  of  the  tube  and  the  powder  must  be  jjerfectly  dry, 
else  particles  will  obstinately  adhere  to  the  inside  of  the  tube  and 
interfere  with  the  detection  of  the  metallic  globules. 

The  heating  must  never  be  commenced  until  the  inside  of  the  tube 
is  perfectly  clean.  It  is  cleansed,  if  necessary,  by  means  of  a  twisted 
slip  of  filter-paper  or  with  a  wooden  match. 

If  any  drops  of  water  condense  on  the  inside  of  the  tube  during  the 
first  stage  of  the  heating,  they  must  be  removed  by  a  piece  of  filter- 
paper.  If,  however,  proper  care  has  been  taken  in  drying  the  powder, 
no  moisture  will  be  evolved  from  it.  The  escape  of  steam  or  gases  from 
the  powder  is  very  undesirable,  as  it  is  likely  to  sweep  un condensed 
mercury  vapour  out  of  the  tube. 

283.  Heat  a  little  Solid  HgCl^  in  a  tube  closed  at  one 
end ;  the  substance  will  sublime  in  Avliite  fumes,  showing 
that  mercury  compounds  are  volatile. 


Lead  (Pb). — Use  Lead  acetate,  PbA^,.3H^0,  dissolved 

in  dilute  HA. 

284.  H^S :  black  precipitate  (PbS).  This  precipitate  is 
often  red  if  much  hydrochloric  acid  is  present  in  the  solu- 
tion; but  the  red  colour  changes  to  black  when  water  is 
added  and  H^S  is  passed,  or  when  H.^S- water  is  added. 

Filter,  and  show  with  separate  portions  of  the  precipitate 
that  PbS  is  insoluble  in  KHO  and  in  Am^S,  but  is  soluble 
in  boiling  dilute  HNOg ;  also  that  it  is  converted  by  boiling 
strong  HNO3  into  white  insoluble  PbSO^. 

285.  HCl :  white  precipitate  (PbCl,),  which  forms  only  in 
cold  and  strong  solutions.  Boil  the  precipitate  with  suffi- 
cient water :  it  will  dissolve  :  but  the  PbCl^  will  separate 
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again  in  slender  crystals,  when  the  hot  solution  is  slowly- 
cooled. 

286.  H.,SO.^  :  white  precipitate  (PbSO^).  This  precipitate 
is  much  less  soluble  in  dilute  H^SO^  and  in  alcohol  than  it  is 
in  water ;  hence  the  dilute  H._,s'o.,  should  be  added  in  excess 
to  a  pretty  strong  solution  of  the  lead  salt. 

Shake  up  the  liquid,  and  pour  it  off  into  two  test-tubes ; 
lot  the  liquid  stand  in  each  of  these  tubes  and  decant  it 
from  the  precipitate.  Show  that  the  precipitate  may  be 
dissolved  by  pouring  upon  it  HA,  or  H.^T  solution,  and  tlien 
adding  AmHO  in  excess  and  boiling;  show  also  that  it 
dissolves  in  boiling  strong  HCl. 

287.  K.CrO^,  or  K.^Cr^O-  :  yellow  precipitate  (PbCrO^). 
Pour  off  the  liquid  with  the  precipitate  into  two  tubes,  and 
show  that  the  precipitate  is  soluble  in  KHO,  but  insoluble  in 
IIA. 

288.  Blowpipe-test  on  Charcoal. — Mix  some  powdered 
PbA.,.3H.30  with  about  twice  as  much  Na^COg  in  a  cavity  on 
a  piece  of  charcoal ;  and  heat  the  mixture  in  the  inner 
blowpipe-flame  (Exp.  88,  IIO).  A  yellow  incrustation  will 
form  upon  the  surface  of  the  charcoal  around  the  mixture, 
and  small  lustrous  globules  of  Pb  will  be  seen  within  the 
cavity.  The  incrustation  is  readily  removed  by  heating  it 
in  the  inner  blowpipe-flame,  and  it  colours  the  flame  pale 
blue. 

Detach  one  of  the  metallic  globules  with  the  point  of  a 
knife,  place  it  on  the  flat  bottom  of  the  inverted  mortar ;  and 
strike  the  globule  a  smart  blow  with  the  pestle.  It  will 
flatten  out  without  cracking  or  breaking  into  powder,  showing 
that  Pb  is  malleable  and  not  brittle. 

If  one  of  the  cleansed  globules  is  fixed  upon  the  point  of  a 
penknife,  and  is  then  rubbed  with  gentle  friction  on  paper,  it 
will  mark  the  paper  as  a  blacklead  pencil  does. 
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Bismuth  (Bi). — Use  Bismuth  nitrate,  Bi(N03)3.5H^O, 
dissolved  in  dilute  HNO3. 

289.  H^S  :  brownish-black  precipitate  (Bi^Sg) : — 

2Bi(N0,),.  +  3H,S  =  Bi,S3  +  6HNO3. 

Decant  most  of  the  liquid  from  the  precipitate ;  then 
shake  up  the  precipitate  with  the  remainder,  pour  some  of 
the  liquid  with  the  precipitate  into  three  test-tubes,  and 
show  that  the  precipitate  is  insoluble  in  Am.2S  and  in  KHO, 
but  soluble  in  stron^  HNOo. 

290.  AmHO,  or  KHO  :  white  precipitate  (BiHg03),  in- 
soluble in  excess  of  the  reagent.  Pour  off  a  small  quantity 
of  the  liquid  and  precipitate  into  a  test-tube,  add  much 
AmTIO  and  warm :  the  precipitate  will  remain  undissolved. 
Filter  off  the  rest  of  the  precipitate,  and  keep  it  for  the  reac- 
tion described  in  paragraph  291. 

290a.  KHO  and  SiiCl.^:  add  KHO  solution  to  SuCU  solution  until  the 
precipitate  which  forms  at  first  is  just  redissolved,  then  add  a  few  drops 
of  Bi(NO;j);)  solution  :  a  black  preciiiitatc  (I>iO)  will  bo  formed. 

291.  H^O. — Pour  afe^v  drops  of  boiling  dilute  IICl  upon 
the  precipitate  which  remained  in  the  filter  from  par.  290, 
and  allow  the  acid  solution  to  drop  from  the  funnel  into  a 
large  quantity  of  distilled  water.  A  milkmess  will  appear, 
which  is  due  to  the  formation  of  BiOCl : — 

BiCla  +  H,C)  =  BiOCl  +  2HC1 . 

Pour  some  of  the  milky  liquid  into  two  test-tubes ;  add  to 
one  portion  a  little  strong  HCl  and  warm  it,  the  precipitate 
will  dissolve ;  to  the  other  portion  add  HoT  and  warm,  the 
milkiness  will  remain,  differing  in  this  way  from  that  caused 
by  SbOCl  (328). 

If  Bi  is  present  in  small  quantity  only,  this  milkiness  will 
often  not  appear  until  the  liquid  has  been  stirred  and  then 
allowed  to  stand  for  a  few  minutes. 
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A  similar  precipitate  may  be  obtained  by  allowing  the  original 
bismuth  nitrate  solution  to  fall  drop  by  drop  into  much  water,  but 
the  nitrate  is  less  completely  precipitated  by  mixture  with  excess  of 
water  than  the  chloride  is. 

292.  K.,CrO^,  or  K.>Cr,0,,  added  after  some  strong  NaA 
solution,  gives  a  yellow  ilocculent  precipitate,  lUo(Cr()4)3. 
When  KlIO  is  added,  the  precipitate  will  not  dissolve,  differ- 
ing in  this  way  from  PbCrO^.  It  will  dissolve,  however, 
completely  when  HCl  or  HNO3  is  added  in  excess. 

The  addition  of  NaA  in  the  above  reaction  is  necessary  in  order  to 
replace  the  nitric  acid  in  the  original  solution  by  HA,  since  the  pre- 
cipitate is  readily  soluble  in  HNO3,  but  is  insoluble  in  HA  :— 

NaA  +  HNO3  =  NaN03  +  HA. 

293.  H.,SO^ :  no  precipitate  :  difference  from  Pb. 

294.  Blowpipe-test  on  Charcoal.— Heat  a  mixture  of 
powdered  JU(N03)3  and  Na.^COa  in  a  cavity  on  charcoal  in  the 
inner  blowpipe-flame.  There  will  be  seen  around  the  cavity 
an  incrustation  which  is  orange-red  while  hot  and  yelloio 
when  cold.  White  globules  of  Bi  will  also  be  seen  within  the 
cavity ;  they  are  very  brittle  and  will  be  easily  crushed  to 
powder  by  a  sharp  blow  with  the  pestle ;  they  are  too  hard 
to  mark  paper  (288). 


Copper  (Cu).— Use  Copper  sulphate,  CuS0.j.51I^0. 

Two  classes  of  copper  salts  are  known,  which  are  commonly  distin- 
guished as  cupric  and  cuprous  salts  respectively. 

Ciipric  salts  are  usually  blue,  but  some  arc  green  ;  their  colour 
commonly  becomes  very  pale,  or  disappears,  when  the  salts  arc  thor- 
oughly freed  from  water  of  crystallisation. 

Cuprous  salts  are  usually  white  or  colourless.  Their  acid  solutions 
become  coloured  in  the  air ;  they  yield  a  precipitate  of  white  CU2I2  when 
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they  are  mixed  with  KI  solution,  and  yield  red  Cu^O  when  they 
are  mixed  with  KHO. 

Cupric  oxide  is  black  ;  cuprous  oxide  is  red. 

295-  -^2^  •  brownish- black  precipitate  (CuS). 

Filter,  keeping  the  funnel  carefully  covered  with  a  glass 
plate,  since  air  quickly  oxidises  CuS  to  CuSO^,  and  the 
CuSO^  dissolves  and  runs  through  in  the  filtrate. 

Place  some  of  the  precipitate  in  five  test-tubes  and  show 
that  it  is  insoluble  in  KHO,  in  Am^S,  and  in  boiling  dilute 
H^SO^,  but  that  it  is  soluble  in  boihng  HNO3  ^^^^ 
KCy  solution. 

296.  AmHO,  if  it  is  added  in  a  diluted  state  and  in  very 
small  quantity,  gives  a  greenish-hlue  precipitate.  If  more 
AmHO  is  added,  this  precipitate  dissolves,  yielding  an 
intensely  blue  liquid.  The  solution  becomes  light  blue  again 
when  an  acid  is  added  in  excess. 

297.  KHO  produces  a  pale  blue  flocculeut  precipitate,  which  becomes 
black  when  the  liquid  is  heated. 

297a,  H2SO4 :  no  precipitate  :  dift'erence  from  Pb. 

298.  Potassium  ferrocyanide,  K^FeCy^, :  reddish-brown 
precipitate  (CugFeCyy),  insoluble  in  HA ;  the  colour  of  this 
precipitate  is  best  seen  when  the  reaction  is  tried  in  a  white 
porcelain  dish.  In  a  very  dilute  copper  solution  only  a  red- 
dish colour  is  seen  at  first  when  the  ferrocyanide  solution 
is  added. 

299.  Fe. — Polish  a  piece  of  steel  or  iron  wire  or  sheet,  or 
the  blade  of  a  penknife,  by  rubbing  it  with  sand-paper,  re- 
move all  grease  by  boiling  it  in  a  little  dilute  KHO ;  then 
dip  it  into  CuSO^  solution,  which  has  been  acidified  with  a 
few  drops  of  H^SO^ ;  the  immersed  surface  will  be  gradually 
covered  with  a  red  film  of  Cu. 

300.  Zn  and  Pt. — Place  a  piece  of  platinum  foil  or  wire  in 
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some  CuSO^  solution,  whicli  has  been  acidified  with  H^SO^  in 
a  porcelain  dish  or  in  a  watch-glass :  then  drop  a  small  piece 
of  Zn  upon  the  platinum :  a  red  film  of  Cu  will  be  deposited 
upon  the  platinum. 

301.  Blowpipe-test  on  Charcoal.  —  If  finely-powdered 
CuS0^.5H.,0  and  Na^COg  are  mixed  in  a  cavity  on  charcoal, 
and  the  mixture  is  then  heated  in  the  inner  blowpipe-flame, 
red  scales  or  globules  of  Cu  are  obtained.  These  are  best 
seen  after  they  have  been  washed  by  levigation  (ill).  The 
addition  of  solid  KCy  facihtates  the  smelting  process,  and 
enables  globules  of  copper  to  be  obtained. 

302.  A  Borax-bead  containing  Cu  is  green  while  hot  and 
hlue  when  cold,  after  it  has  been  fused  in  the  outer  blowpipe- 
flame. 

Fusion  in  the  mner  blowpipe-flame  causes  the  bead  to 
become  red  ;  it  may  even  become  colourless,  if  very  little  Cu 
is  present  and  the  bead  is  long  heated  in  a  good  reducing 
flame  :  the  introduction  of  a  small  fragment  of  Zn  or  Sn  into 
the  bead  aids  this  change. 

303.  Flame  Coloration. — If  a  loop  of  platinum  wire  is 
dipped  into  CuSO^  solution  and  is  then  held  in  the  inner 
blowpipe-flame,  or  in  the  Bunsen-flame,  it  imparts  a  green 
coloration  to  the  flame. 

The  flame  coloration  shows  a  hlue  centre  after  the  loop  has 
been  moistened  with  HCl,  or  if  CuCl^  solution  was  originally 
used. 
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Tbese  lines 
run  across 
both  pages. 


Cadmium  (Cd). — Use  Cadmium 

304.  HgS  :  bright  yellow  precipitate  (CdS). 

Boil  off  the  HgS  and  pour  the  liquid  containing  the  pre- 
Show  with  these  separate  portions  that  the  precipitate  is 

soluble  in  boiling  dilute  HNO3  and  in  boiling  dilute 
Dilute  the  H2SO4  solution  of  the  precipitate  with  much 

reprecipitated. 

305.  AmHO,  if  it  is  added  in  a  very  dilute  condition  and  in 
more  AmHO  is  added,  the  precipitate  will  be  readily  dis- 

306.  H2SO4  :  no  precipitate  :  difference  from  Pb. 

307.  Blowpipe-test  on  Charcoal.— If  powdered  CdSO^ 
mixture  is  then  heated  in  the  inner  blowpipe-flame,  a  brown 
around  the  cavity. 


Detection  op  One  Metal  in  Group 

308.  The  following  Table  of  Differences  serves  to  detect 
This  table  absent. 

runs  across  ^-^  tt 

both  pages.  CxROUP  li.A. — 


Tests. 


For  liquids. 

1.  Pass  1I2-S,  or  add  H2S- 
water : 


2.  AddH2S04: 

3.  Add  AmHO : 


Blowpipe  reactions  for 
solids. 

4.  Heated  with  Nii2C03  on 
charcoal  in  the  inner 
blowpipe-flame  : 


Hg — salts. 


Black  precipitate  ;  when  fil- 
tered and  well  washed,  in- 
soluble in  boiling  strong 
HNOy,and  unchanjcd  by  it. 
Contirm  by  (z8i)  in  solution. 


White  precipitate,  insoluble 
in  excess,  is  usually  ob- 
tained. 


Test  for  Hg  by  (282). 


Pb— salts. 


Black  precipitate ;  almost 
insoluble  in  boiling  strong 
HNO3,  changed  by  it  into 
white  Pb.S04. 


Wliite  precipitate. 

White  precipitate,  insoluble 
in  excess. 


Yellow  incrustation  ;  white 
malleable  globules. 


308.] 


GROUP  II. A. — CADMIUM. 


165 


sulphate,  CdS04.4H.p. 
cipitate  into  five  tubes. 

insoluble  in  Am.>S,  in  KHO  and  in  KCy  solution,  but  is 
H,SO,. 

water  and  pass  H.,S  for  a  short  time  :  yellow  CdS  will  be 

small  quantity,  gives  a  white  precipitate  (CdHgOg);  when 
solved. 

is  mixed  with  Na.,C0.5  in  a  cavity  on  charcoal,  and  the 
incrustation  will  be  seen  on  the  surface  of  the  charcoal 


II. A.,  WHEN  IT  OCCURS  ALONE. 

a  single  metal  in  Group  II. a.,  when  all  other  metals  are 


Table  of  Pifferences. 


Bi— salts. 

1 

Ca— salts. 

I 

Cd— salts.  1 

Black  precipitate;  soluble 
in  boiling;  strong  UNOs 
to  form  a  colourless  solu- 
tion. 

Blaci:  precipitate ;  soluble  in 
boiling  cojK'entrated  HNO3 
to  form  a  blue  solution; 
insolul)lc  in  boiling  dilute 
H2SO4. 

YelJoip  precipitate ;  soluble 
in  l)oiling  IlNOs,  and  in 
boiling  dilute  H2SO4 . 

^yhite  precipitate,  insoluble 

in  excess. 
Confirm  by  (291). 

Blue  precipitate,  easily  sol- 
u))le  in  excess  to  a  deep 
blue  liquid. 

White  precipitate,  easiiy 
soluble  in  excess. 

Orange  red  incrustation ; 
white  brittle  globules. 

No  incrustation ;  red  metallic 

scfilcs 
Confirm' by  (302,  303). 

Brortn  incrustation ;  no  glo- 
bules. 
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Separation  and  Detection  op  the  Metals  in  Group  II. a., 

WHEN  they  occur  TOGETHER. 

309.  *  The  following  Differences  are  utilised  : — 

1.  The  solubility  of  BigSg,  CuS,  and  CdS  in  strong  boiling 
HNO3,  in  which  HgS  and  PbS  are  insoluble.  HgS  and 
PbS  remain  as  HgS  and  PbSO^  respectively  after  the  treat- 
ment with  hot  strong  HNO3. 

2.  The  solubility  of  PbSO^  in  a  mixture  of  HgT  with 
excess  of  AmHO,  HgS  being  insoluble  in  this  mixture. 

3.  The  solubility  of  CuHgOg  and  CdHgOg,  and  the  insolu- 
bility of  BiHgOg,  in  excess  of  AmHO. 

4.  The  solubility  of  CdS,  and  the  insolubility  of  CuS,  in 
boiHng  dilute  HgSO^. 

The  insolubility  of  CdS  in  KCy  solution,  in  which  CuS 
easily  dissolves,  furnishes  another  means  of  separating  Cu 
from  Cd. 

After  each  metal  has  been  separated,  its  presence  is  then 
confirmed  by  some  special  test. 

310.  *  A  Solution  which  may  contain  the  Metals  of 
Group  II.  A.  is  first  made  acid,  if  it  is  not  already  so,  by 
adding  to  it  HCl.  Whether  the  liquid  is  clear  or  not,  HgS 
is  then  passed  through  it  for  about  five  minutes.  The  preci- 
pitated sulphides  are  then  filtered  off. 

The  clear  filtrate  is  either  mixed  with  HgS-water,  or  it  is 
diluted  with  a  little  water  and  HgS  is  passed  through  it 
again  for  a  short  time,  in  order  to  ascertain  whether  the 
metals  have  been  completely  precipitated  from  the  original 
solution. 

If  no  further  precipitate  is  produced,  the  filtrate  may  be 
rejected.  But  in  case  HgS  causes  further  precipitation,  the 
gas  is  passed  for  some  time  longer,  and  the  liquid  is  then 
poured  again  through  the  filter.  The  filtrate  is  rejected  only 
when  IlgS  no  longer  produces  any  precipitate  in  it. 
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The  precipitate  is  then  examined  by  Table  II.  (IO24),  com- 
mencing at  Group  II.a.,  Copper  Group  (1025),  and  using  only 
the  left-hand  side  of  the  Table. 


GROUP  II.B.-ARSENIC  GROUP. 
311.  This  Group  includes  As,  Sb,  Sn. 

The  metals  of  this  Group  differ  from  metals  of  Groups  III. A.,  III.B., 
IV.,  and  v.,  by  being  precipitated  as  sulphides  by  HgS  from  a  solution 
which  has  bi3en  acidified  witli  HCl.  They  diller  from  metals  of  Group 
I.  by  not  being  precipitated  by  HCl. 

The  sulphides  of  the  metals  of  this  Group  differ  from  those  of  the 
metals  in  Group  II.A.  by  being  soluble  in  Am^B^  and  in  KHO. 

Each  metal  of  this  Group  forms  two  series  of  compounds.  These 
compounds  resemble  each  other  in  many  reactions,  but  they  present 
certain  differences  which  serve  to  distinguish  them.  The  two  classes 
are  conveniently  distinguished  by  the  terminations  4c  and  -ous,  as  in 
the  two  classes  of  mercury  and  copper  salts  ;  thus  we  speak  of  arsenic 
acid  and  arseniows  acid,  and  of  stannoits  and  stannic  chloride. 

The  Eeactions  of  the  Rarer  Elements  of  this  Group,  Au,  Pt,  Mo, 
Se,  Te,  are  given  in  paragraphs  352-378. 


Absenicum  (As).— Use  Arsenious  oxide,  As.p.^,  and 
Sodium  arsenate,  Na.^HAs04.12H20. 

The  Arseniows  compound,  As.^Og,  is  dissolved  by  boil- 
ing it  for  some  time  with  water;  the  Arsenic  compound, 
NaoHAs0^.12H.,0,  is  also  dissolved  in  water. 

312.  The  tests  described  in  paragraphs  313-321  give  the  same 
ultimate  result  with  an  arsenic  compound  as  with  an  arseniotis  com- 
pound. As  a  rule,  however,  the  reaction  proceeds  slowly  with  an 
arsenic  compound,  since  the  first  stage  consists  in  the  conversion  of  the 
arsenic  compound  into  an  arsenioMS  compound. 

An  arsenic  compound  is  converted  into  an  arseniows  compound  by 
boiling  it  with  H2SO3  solution,  with  strong  HCl,  or  with  some  other 
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reducing  agent.  An  arseniotts  compound  is  converted  into  an  arsenic 
compound  by  heating  it  with  UNO;;,  or  with  some  other  oxidising 
agent. 

313.  HgS  produces  only  a  yellow  coloration  in  neutral 
solution  of  an  arsenious  compound.  But  if  the  solution  is 
acidified  with  a  few  drops  of  ITCl,  a  light  yellow  flocculent 
precipitate  (AS2S3)  will  form  immediately,  even  in  the  cold. 

Filter  off  some  of  the  AsgSg,  and  show  that  it  is  insoluble 
in  boiling  strong  HCl. 

Pour  some  of  the  liquid  containing  the  precipitate  into 
two  test-tubes,  and  add  gradually  KHO  and  Am^S  respec- 
tively ;  each  of  these  solutions  will  completely  dissolve  the 
As^Sg.  The  As^Sg  may  bo  reprecipitated  from  these  solu- 
tions by  the  addition  of  HCl  in  excess. 

In  cold  acidified  solutions  of  ar.senic  compounds  H<,S  pro- 
duces no  precipitate.  But  if  strong  HCl  is  added  and  the 
solution  is  boiled,  H^S  will  produce  a  precipitate  of  white  S, 
and  then  one  of  yellow  As.^Sg,  when  it  is  passed  for  some 
time  into  the  boiling  liquid. 

The  complete  precipitation  of  arsenic  solutions  by  H^S  is 
most  rapidly  effected,  if  they  have  been  first  converted  into 
the  arsenioMs  state.  This  may  be  effected  by  adding  H^SOg 
to  the  boiling  arsent'e  solution  until  it  smells  persistently  of 
SOg,  and  then  boiling  the  liquid  until  SOg  is  no  longer 
smelt.  The  arsenious  compound  thus  produced  may  then  be 
readily  and  completely  precipitated  by  HgS  in  the  cold  solution. 

314.  Reinsch's  Test. — Several  narrow  strips  of  sheet 
copper  are  cleansed  by  means  of  sand-paper,  or  by  dipping 
them  into  strong  HNO3.  They  are  then  boiled  in  the 
arsenious  solution,  which  has  been  previously  acidified  by 
dilute  HCl.  The  surface  of  the  copper  will  soon  be  coated 
with  a  dark  grey  film  of  As.^Cug. 

The  strips  are  carefully  removed  from  the  liquid,  rinsed, 
and  gently  pressed  between  filter-paper ;  they  are  then  dried 
by  heating  them  in  the  steam-oven,  or  by  holding  them 
in  the  fingers  and  heating  them  gently  over  the  flame.  The 
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dry  strips  are  then  gradually  heated  over  a  very  small  flame 
in  a  warm  and  dry  test-tube.  A  white  sublimate  of  As^.^ 
will  form  on  the  upper  part  of  the  tube. 

A  much  more  characteristic  sublimate  will  bo  obtained,  if 
moisture  is  entirely  removed  from  the  copper  strips  and  from 
the  tube,  and  if  the  sublimation 
is  then  effected  very  slowly,  and 
while  the  sides  of  the  tube  are  hot. 
This  sublimate  will  be  sparkhngand 
crystalline ;  and  if  the  crystals  are 
examined  under  the  microscope, 
they  will  be  seen  to  be  transparent, 
colourless,  regular  octahedra  and 
tetrahedra  (fig.  69).  The  formation 
of  these  crystals  under  the  above 
conditions  is  a  most  valuable  con- 
firmation of  the  presence  of  As. 

The  sublimate  of  As.P-j  may 
be  dissolved  in  a   little  boiling 

water,  and  the  presence  of  As  may  be  confirmed  by  apply- 
ing tests  313  and  323  to  this  solution. 


Akseniotts  Oxidr 
Crystals. 


The  presence  of  As  in  the  original  grey  deposit  upon  the  Cu  should 
always  be  confirmed  by  one  of  the  above  methods,  since  other  metals 
may  be  deposited  as  grey  films  on  Cu. 

Reinsch's  test  will  serve  for  the  detection  of  arsenic  compounds,  after 
their  solutions  have  been  reduced  to  arscnious  compounds  by  being 
mixed  with  strong  HCl  or  with  HaSO;,  solution  and  boiled. 


Tests  which  depend  upon  the  Formation  of  Arsenic 

HYDRIDE  (AsIIg). 

The  following  tests  (315-319),  which  depend  upon  the  formation  of 
very  poisonous  AsH.j  ga.s,  should  be  performed  in  a  closet  provided 
with  a  good  draught :  this  jirecaution  is  necessary  in  order  to  guard 
against  any  of  the  gas  being  inhaled. 


315.  Hofmann's  Test. — Pour  dilute   IICl  upon  some 
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Zn  in  a  small  hydrogen-flask,  fitted  as  is  shown  in 
fig.  70. 

The  hydrogen  may  be  washed,  as  it  escapes,  by  letting  it  bubble 
through  some  water  contained  in  the  second  flask,  but  this  is  not 
necessary. 

Allow  the  hydrogen  to  pass  through  some  AgNOg  solution 
contained  in  a  test-tube.    If  the  Zn  and  acid  are  free  from 


Fig.  70. 


Hofmann's  Aesenic  Apparatus. 


As,  as  they  should  be,  no  precipitate  or  colour  will  be  pro- 
duced in  the  AgNOg  solution. 

Now  pour  a  little  AsgO^  solution  down  the  funnel  into 
the  hydrogen  flask ;  a  black  precipitate  of  Ag  will  form  in 
the  AgNOg  solution. 

This  precipitate  is  produced  by  the  AsHs,  which  is  formed  by  the 
action  of  the  nascent  hydrogen  upon  the  AsgOg : — 

AS2O3  -M2H  =  2ASH3  +  3H2O  . 
The  AsHg,  on  passing  into  the  AgNOg  solution,  reacts  thus  :— 
AsHs  +  6  AgNOg  +  3H2O  =  6  Ag  +  H3ASO3  +  6HNO3 . 

It  will  be  seen  that  Ag  is  precipitated,  while  H3ASO3  remains  in  solu- 
tion. 

As  soon  as  a  copious  precipitate  has  been  obtained,  the 
test-tube  is  removed. 
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It  will  be  best  to  set  aside  the  test-tube  with  its  contents  to  be  ex- 
amined afterwards,  and  to  proceed  at  once  to  use  the  gas,  while  it  is 
being  briskly  evolved,  for  reactions  316  and  317. 

The  liquid  in  the  test-tube  is  filtered ;  the  precipitate  is 
rejected,  and  several  drops  of  AgNOg  solution  are  added  to 
the  clear  filtrate.  Some  very  dilute  solution  of  ammonia 
is  made  by  pouring  several  drops  of  AmHO  solution  into 
a  test-tube,  then  nearly  filling  up  with  distilled  water  and 
inverting  the  tube.  When  this  solution  is  mixed  drop  by 
drop  with  the  filtrate,  a  light  yellow  precipitate  (AggAsOg 
or  AgoHAsOg)  will  be  obtained. 

In  order  to  explain  the  formation  of  this  precipitate,  it  must  be 
remonibered  that  the  solution  contains  HgAsOg  in  the  presence  of 
AgNO.j  and  of  HNO3  :  and  further  that  AgNO..,  forms  a  yellow  preci- 
pitate with  H:,As03  if  no  free  acid  is  present  in  the  liquid  (323). 
The  formation  of  this  precipitate  is  prevented  by  the  HNO;,,,  But 
when  sufficient  AmHO  is  added  to  neutralise  the  free  HNO3  which  is 
already  present,  as  well  as  that  which  is  formed  by  the  action  of 
AgNOs  on  HgAsOs,  the  yellow  precipitate  will  appear : — 

H:jAs03  +  3  AgN03  +  3  AmHO  =  AggAsOg  +  3  AmN03  +  SHgO . 

This  precipitate  (Ag3As03)  is,  however,  readily  soluble  in  AmHO  ; 
hence  it  is  necessary  to  use  venj  dilute  AmHO  and  to  add  it  gradually, 
in  order  to  avoid  excess  ;  since,  if  excess  of  AmHO  were  added,  the 
precipitate  would  be  prevented  from  forming. 

316.  Marsh's  Test. — Disconnect  the  flasks  (fig.  70),  and 
slip  into  the  rubber  joint  a  tube  of  hard-glass  about  four 
inches  in  length,  supporting  it  on  the  ring  of  a  retort- stand 
(fig.  71).  Then  pour  in  a  little  strong  HCl  through  the 
funnel -tube. 

Caution. — If  the  experiment  is  performed  as  is  here  directed,  the 
hydrogen  will  have  been  already  evolved  for  some  time  for  the  previous 
test  (315),  and  will  have  expelled  all  the  air  from  the  flask.  There  will 
therefore  be  no  risk  of  an  explosion  occurring  when  the  gas  is  liglitcd. 

But  if  the  hydrogen  is  being  produced  for  the  first  time,  or  if  the  flask 
has  been  opened  or  recharged,  allow  the  gas  to  escape  briskly  for  four 
or  five  minutes  ;  and  then  ascertain  that  a  test-tube,  filled  with  the 
gas,  burns  quietly,  before  proceeding  to  kindle  the  gas  at  the  jet.  In 
any  case  it  is  well  to  cover  the  flask  with  a  cloth  before  the  hydrogen  is 
kindled,  in  order  to  guard  against  any  risks  from  an  explosion  (34). 
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Now  light  the  hydrogen  as  it  escapes  from  the  jet  (fig.  71)- 
The  flame  will  be  seen  to  differ  from  that  of  pure  H  by  its 
livid  bine  colour,  and  by  its  evolution  of  white  fumes  of 
AsoOg.  If  these  appearances  are  not  noticed,  there  is  not 
sufficient  arsenic  solution  in  the  flask.    A  little  more  of  the 

solution  must,  therefore, 
be  poured  in  through  the 
funnel-tube. 

Press  down  upon  the 
flame  the  inside  of  a  por- 
celain crucible  lid  or  of  a 
porcelain  crucible  or  dish. 
A  dusky  black  film  of  As 
will  be  deposited  upon  the 
cool  surface.  Two  porce- 
lain surfaces  should  be 
Marsh's  Aksenic  Mirror.         thus  stained  with  As. 

Pour  upon  one  of  these 
stains  some  freshly  made  solution  of  bleaching-powder  ;  the 
stain  will  be  rapidly  dissolved. 

Warm  the  second  stain  of  As  with  Am^S.  It  will 
dissolve,  and  the  solution  will  leave  yellow  AsgSg  when  it  is 
slowly  evaporated. 

317.  Decomposition  of  AsHg  by  Heat.— Pour  a  little 
more  strong  HCl  into  the  flask  (fig.  71),  if  necessary,  in 
order  to  cause  the  hydrogen  to  come  ofi"  rapidly.  Light  the 
gas  at  the  jet,  and  heat  a  point  near  the  middle  of  the  tube 
strongly  (fig,  71).  A  black  mirror  of  As  will  form  just 
beyond  the  part  which  is  heated  by  the  flame.  The  flame 
burning  at  the  jet  will  meanwhile  become  colourless,  showing 
that  the  arsenic  has  been  removed  from  the  hydrogen. 

Heat  another  point  in  the  tube,  so  as  to  produce  a  second 
mirror ;  then  divide  the  tube  between  the  mirrors. 

Dissolve  one  mirror,  when  it  is  cold,  by  warming  it  with 
some  fresh  solution  of  bleaching-powder  in  a  test-tube. 

Heat  the  other  mirror  gently  in  a  test-tube  held  obliquely 
in  the  flame ;  if  the  sides  of  the  tube  have  been  first  heated, 
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a  crystalline  sublimate  of  As.p.,  will  be  obtained  (fig.  69,  p. 
169).  Dissolve  the  cold  sublimate  in  a  little  hot  water,  and 
confirm  the  presence  of  As  by  tryhig  reactions  312  and 
323  on  the  solution. 

318.  HgCl,  solutiou  is  coloured  by  contact  with  AsH^. 
Remove  the  cork  from  the  larger  flask  (fig.  70,  p.  170)  and 

push  a  plug  of  cotton-wool  into  its  neck,  in  order  to  stop  any 
spirting  from  the  liquid  in  the  flask.  Then  cover  the  mouth 
of  the^  flask  with  a  small  piece  of  filter-paper,  which  has 
been  moistened  with  HgCL  solution ;  the  paper  will  become 
coloured,  first  yellow  and  then  broio7i. 

If  paper  moistened  with  AgNO^  solution  is  substituted  for 
the  above  paper,  it  will  be  blackened  (315). 

319.  Fleitmann's  Test.— Boil  some  pieces  of  Zn  in  KHO 
solution :  H  will  be  slowly  evolved,  and  will  be  free  from 
odour.  If  a  little  As.p^  solution  is  now  added,  and  the 
liquid  is  again  boiled,  a  garlic  odour  will  be  perceptible; 
the  odour  will  be  caused  by  the  evolution  of  AsHg: — 

I  Zn  4-  2KH0  =  H.,  +  ZnK,0, . 
t  As,0,  +  12H  =  2ASH3  -I-  m,0  . 

If  a  small  piece  of  filter-paper,  which  has  been  moistened 
with  AgNOy  solution,  is  placed  on  the  mouth  of  the  tube 
while  the  liquid  is  being  boiled,  the  paper  will  be  stained 
black  by  the  separation  of  Ag  (315)- 

An  arseuic  compound  must  be  reduced,  by  being  boiled  with  H2SO3, 
before  the  above  test  is  applied. 

Sb  compounds  do  not  give  tl:e  above  result ;  the  test  therefore  serves 
to  distinguish  between  As  and  Sb. 

Reactions  op  Solid  Arsenic  Compounds. 

320.  Mirror  of  As  by  Reduction.— Dry  some  finely- 
powdered  substance  containing  As  thoroughly  in  the  steam 
oven,  and  mix  it  intimately  in  a  mortar  with  about  four 
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times  its  measure  of  a  freshly  ignited  mixture  of  KCy  and 
Na^COg.  Heat  this  mixture  in  a  httle  bulb-tube  of  hard 
glass  (fig.  72),  or  in  a  narrow  test-tube  about  three  inches  in 
length,  carefully  observing  the  precautions  mentioned  in 


Fig.  72. 


Arsenic  Mirror  from  Solid  Arsenic  Compound. 

paragraph  282.  A  black  mirror  of  As  will  form  on  the 
cooler  part  of  the  tube  (h),  and  a  smell  of  garlic  may 
usually  be  detected  at  the  mouth  of  the  tube. 

If  the  bulb  is  cut  off  and  the  mirror  is  gently  heated  in 
a  test-tube,  the  As  will  be  converted  into  a  white  sublimate 
of  As^jOg,  or  into  transparent  octahedral  crystals  of  the 
oxide  (fig.  69,  p.  169). 

321.  Blowpipe-reaction  on  Charcoal. — Mix  a  solid  sub- 
stance containing  As  with  NagCOg  and  KCy,  and  heat  the 
mixture  on  charcoal  in  the  inner  blowpipe-flame.  The  flame 
will  be  coloured  livid  blue,  unless  this  tint  is  overpowered 
by  the  yellow  sodium  coloration.  A  smell  of  garlic  will  be 
noticed  when  the  charcoal  is  removed  from  the  flame. 

322.  Heat  a  little  Solid  As^O.^  in  a  small  ignition-tube  : 
it  will  be  readily  sublimed.  If  the  AsgOg  is  perfectly  dry, 
and  it  is  sublimed  very  slowly  after  the  upper  part  of  the 
tube  has  been  first  heated  in  the  flame,  the  sublimate  will 
sparkle ;  and  when  it  is  examined  under  the  microscope,  it 
will  be  seen  to  consist  of  octahedral  crystals  (fig.  69,  p.  169). 
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Distinctive  tests  for  abbj^h ious  and  aesen/c  compounds. 


Reagent. 


323.    AgNOy ; 

several  drops 
only  are  added. 


324.     CUSO4 ; 

several  drops 
only  are 
added. 


325.      CuSO,  ; 

two  droi)S 
added,  and 
then  some 
KHO. 


326.  AmCl, 
AinHO,  and 
MgSO^: 


Arsenious  compound. 
Use  AS2O3  dissolved  in  HjO. 


Arsenic  compound. 
Use  Na...HAs04.12IIoO 
dissolved  in  HoO. 


Light  yellow  precipitate 
(Ag..HAsO;,  or  AgoAsO;,) : 
tliis'  precii)itate  forms 
only  when  a  little  dilute 
AniHO  is  added  carefully 
drop  by  drop  :*  show 
that  it  is  dissolved  by 
AniHO  and  by  HNO3. 

The  precipitate  is  also  appre- 
ciably soluble  in  AmNOs": 
hence,  if  too  nuicli  AnillO 
has  been  added,  the  precipi- 
tate will  not  always  form 
when  the  liquid  is  neutral- 
ised with  HNOa 

Yellowish- green  precipitate 
(Cu"HAsO;,):  tliis  preci- 
pitate forms  only  when 
dilute  AmHO  is  added 
carefully,  droj)  by  drop :  * 
show  that  it  is  soluble  in 
AmHO  and  in  HNO3. 

The  above  yellowish-green 
precipitate  is  first  pro- 
duced, but  when  more 
KHO  is  added  the  preci- 
pitate dissolves  to  a  clear 
blue  li(iuid,  and  this  de- 
posits red  Cu.p  when  it 
is  boiled. 

No  precipitate. 


Brown  precipitate 
(AgjjAsOj) :  show 
that  it  is  soluble 
in  AmHO  and  in 
HNO.. 


Pale  green  precipitate 
(CUHASO4):  soluble 
in  AmHO  and  in 
HNO3. 


No  clear  blue  solu- 
tion is  obtained, 
and  no  CugO  is 
produced  when  the 
litiuid  is  boiled. 


White  crystalline  ])re- 
cipitatc(MgAmA.s04) 
if  this  is  filtered  off, 
and  then  moistened 
with  AgNOg  solu- 
tion on  the  filter, 
it  assumes  a  brown 
colour  (323). 


*  When  AsoO;!  is  dissolved  in  water,  it  yields  H3ASO3 ;  and  this  acid  cannot 
give  the  Ag3.\s03  precipitate  when  AgN03  is  added,  because  this  decom- 
position would  lead  to  the  formation  of  HNO3,  in  which  Ag3As03  is  soluble. 
Hence  the  addition  of  AriiHO  is  necessary  in  order  to  prevent  the  forma- 
tion of  nitric  acid,  liut  since  the  precipitate  is  also  solultle  in  AmHO,  this 
reagent  must  be  added  carefully  in  quantity  only  just  sufficient  to  neutralise 
the  acid.  This  is  best  effected  by  using  very  dilute  AmHO,  which  has  been 
made  by  pouring  a  few  drops  of  AmHO  into  a  test-tube,  then  filling  the  tube 
two-thirds  with  distilled  water,  closing  it  with  the  thumb,  and  inverting  it  for 
a  moment.  This  dilute  AmHO  is  to  be  added  drop  by  drop,  shaking  or  stirring 
the  test  solution  after  each  addition,  until  the  precipitate  is  obtained. 
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Antimony  (Sb). — Use  Antimony  chloride,  SbClg, 
dissolved  in  dilute  HCl. 

Antimou'ic  aud  antimom'oMS  compounds  give  results,  which  are 
ultimately  ideutical,  in  the  following  reaction.s  (327-335),  with  the 
exception  of  reaction  328.  After  these  reactions,  which  are  common 
to  Sb  in  both  its  sets  of  compounds,  two  are  given  which  are  distinc- 
tive of  the  two  classes  of  compounds  (336,  337). 

327.  H._,S  :  orange-red  precipitate  (Sb.jS^).  Pour  off  the 
liquid  with  the  precipitate  into  three  tubes,  and  show  that 
the  precipitate  is  dissolved  when  it  is  warmed  with  pure 
KHO  or  with  Am^S,  but  is  reprecipitated  from  these  solu- 
tions when  HCl  is  added  in  excess.  Show  also  that  the 
precipitate  is  soluble  in  boiling  strong  HCl. 

328.  H^O, — When  ShC\^  solution  is  poured  into  much 
water,  it  yields  a  white  precipitate  or  turbidity  (SbOCl). 
This  precipitate  is  redissolved,  when  HCl  is  added  to  the 
liquid,  and  it  is  heated :  it  is  also  readily  soluble  in  H^T. 
The  solubility  of  SbOCl  in  H^T  distinguishes  it  from  the 
similarly  formed  BiOCl  precipitate  (291). 

329.  Zn  and  Pt.  —If  the  acid  solution  of  SbClg  is  poured 
upon  some  platinum-foil  in  a  porcelain  dish,  and  a  small 
piece  of  Zn  is  dropped  upon  the  foil,  the  platinum  will  be 
rapidly  coated  with  a  black  deposit  of  Sb.  If  the  foil  is 
rinsed  with  water  and  is  then  heated  in  boihng  HCl,  the 
stain  will  remain  undissolved ;  but  it  will  be  rapidly  removed 
by  heating  the  foil  in  boiling  HNO3. 

The  formation  of  a  slight  grey  or  brown  stain  on  the  Pt  is 
no  evidence  of  the  presence  of  Sb.  The  presence  of  Sb  in 
the  stain  may  be  proved  by  dissolving  it  in  a  little  boiling 
dilute  HNO3,  diluting  the  cold  solution,  and  then  passing 
H.^S  through  the  solution  and  allowing  it  to  stand  at  rest  for 
some  time,  when  red  Sb^Sg  will  settle  down. 
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Tests  which  depend  upon  the  Formation  op 
Antimony  Hydride. 

SbH.j  may  be  generated  by  pouring  Sb-solution  into  a  hydrogen- 
apraratus,  as  is  directed  in  paragraphs  315-318  for  an  arsenic  solution. 
Antimony  hydride  (SbH..,)  is  evolved.  This  gas  differs  from  AsHg  by 
being  free  from  smell  and  from  i)oisonous  properties,  and  also  in  the 
respects  mentioned  in  paragraphs  330-333. 

330.  If  SbHj  is  passed  into  AgN03  solution  (315),  it 

produces  a  black  precipitate  (SbAgy) : — 

SbHg  +  SAgNOg  =  SbAgg  +  SHNOg . 

Filter  off  this  precipitate,  and  reject  the  filtrate,  which 
will  contain  no  Sb. 

Wash  the  precipitate  of  SbAgg  four  or  five  times  with 
boiling  water  upon  the  filter.  Then  pour  upon  it  boiling 
dilute  H.,T  solution,  which  will  dissolve  the  Sb.  Receive 
the  liquid  in  a  test-tube,  boil  it,  and  pour  it  once  more 
upon  the  filter.  Now  add  HCl  to  the  Kquid,  filter  if  neces- 
sary from  AgCl,  and  pass  H.,S  into  the  acid  solution  ;  orange- 
red  Sb^Sg  will  be  precipitated. 

331.  A  Stain  of  Sb  on  Porcelain,  which  has  been  pro- 
duced in  the  manner  already  described  in  paragraph  316, 
differs  from  the  As-stain  by  presenting  a  dead  surface  and 
by  being  insoluble  in  solution  of  bleacliing-powder.  Also 
when  the  stain  is  dissolved  by  warming  it  with  Am.yS,  and 
the  solution  is  evaporated  by  a  gentle  heat,  a  residue  of 
orange-red  Sb.^Sg  is  left. 

332.  The  Sb-mirror,  obtained  as  is  described  in  para- 
graph 317,  differs  from  the  As-mirror  by  being  formed  much 
nearer  to  the  flame,  and  on  both  sides  of  the  heated  part  of 
the  tube.  This  proves  that  Sb  is  less  volatile  than  As.  The 
mirror  may  further  be  distinguished  by  the  test  which  is 
described  in  paragraph  33 1. 

The  sublimate  of  Sb.Pg,  which  is  produced  by  heating  this 
mirror  in  the  air,  differs  from  the  corresponding  arsenic  sul)- 
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Iimate(3i7)  by  being  insoluble  in  boiling  water.  The  snb- 
hmate  may,  however,  be  dissolved  in  a  little  boiling  HCl. 
This  acid  solution  yields  an  orange-red  precipitate  (Sb^Sg) 
when  H^S  is  passed  into  it;  whereas  the  solution  of  the 
As,03  sublimate  yields  Tjellow  As^Sg  under  similar  conditions. 

333.  HgCL.— If  SbHg  is  allowed  to  act  upon  filter-paper  moistened 
with  HgCla  solution,  as  is  described  in  paragraph  318,  it  produces  only 
a  greyish-broivn  stain,  and  this  is  not  a  characteristic  result. 

334.  Zn  and  KHO.— If  a  solution  containing  Sb  is  boiled  with  Zn 
and  KHO,  it  does  not  evolve  SbH., ;  hence  the  escaping  hydro^^en  does 
not  stain  paper  moistened  with  AgNO^  solution  (319).  This  test  serves 
to  distinguish  As  from  Sb  in  its  compounds. 

Test  for  Solid  Compounds  op  Sb. 

335.  Blowpipe-test  on  Charcoal.  -  Mix  a  little  solid 
substance  containing  Sb  in  a  cavity  on  wood-charcoal  with 
Na^COg  and  KCy.  Heat  the  mixture  in  the  inner  blow- 
pipe-flame. A  white  incrustation  will  be  formed  on  the 
charcoal;  and  white  globules  of  metallic  Sb  will  be  obtained, 
which  are  extremely  brittle.  The  flame  will  also  be  coloured 
pale  blue,  unless  this  tint  is  concealed  by  the  yellow  sodium 
coloration. 

When  the  melted  Sb  globules  are  withdrawn  from  the 
flame,  they  will  emit  a  white  smoke  and  become  coated  with 
sharp  white  crystals  of  SbgOg. 

For  the  Distinctive  Tests  for  Antimonious  and  Antimonic  com- 
pounds (336,  337)  use  SbClg  solution,  and  solution  of  potassium 
antimonate  in  water  respectively. 


Eeagent. 

Antunanious. 

Antimonic. 

336.  Add  excess  of 
KHO,  thenAgNOs 
solution: 

337.  Add  excess  of 
HCl  and  warm  ; 
then  pour  in  a 
little  KI  Bolution: 

A  dark-coloured  precipitate 
which  when  shaken  after 
addition  of  AmHO  leaves 
black  Ag40  undissolved. 

No  iodine  is  set  free ;  this  is 
provejjt  by  the  liquid  re- 
maining  colourless,  even 
after  it  has  beeu  cooled 
and  mixed  with  freshly- 
prepared  starch  solution. 

A  brown  precipitate,  which 
dissolves  entirely  ou  ad- 
dition of  AmHO. 

Iodine  is  liberated,  giving  a 
brown  colour  to  the  liquid 
and  yielding  a  deep  blue 
coloiu-  when  starch  solu- 
tion is  added  to  the  cold 
liquid. 
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Tin  (Sn) — Stannosum  and  Stannicum. 

Use  Stannous  chloride,  SnClo.2H.,0,  and  Stannic  chloride, 
SnCl^ ;  dissolving  each  of  these  salts  in  dilute  HCl. 

The  reactions  338  and  339  give  nltimately  the  same  results  with  both 
stannous  and  stannic  compounds.  Reactions  340,  341,  and  342  serve  to 
distinguish  stannous  from  stannic  salts,  and  to  detect  stannous  salts 
in  the  presence  of  stannic  salts. 

338.  Zinc,  when  it  is  immersed  in  the  solution  of  a  tin-salt 
wliich  has  been  acidified  with  HCl,  becomes  coated  with  a 
spongy  mass  of  Sn.  Sn  is  often  precipitated  in  this  reaction 
in  beautiful  crystals. 

The  Zn  should  be  allowed  to  remain  for  some  time  in  the 
solution,  which  is  contained  in  a  small  porcelain  dish ;  the 
reaction  is  hastened  by  the  application  of  a  gentle  heat.  The 
deposition  of  Sn  from  SnClg  takes  place  much  more  rapidly 
than  from  SnOl^. 

If  the  Zn  rests  upon  platinum-foil  in  the  solution,  the  Sn 
will  be  deposited  in  a  spongy  state  on  the  Zn  and  vill  not 
xtain  the  j^lafimwi  Mack.    Sn  differs  in  this  way  from  Sb. 

Tn  general  analysis  the  deposit  on  the  Zn  may  consist  of 
other  substances  besides  Sn.  Tt  should,  therefore,  be  removed 
by  rubbing  and  washing  the  Zn  in  some  water  in  the  porcelain 
dish ;  and  the  deposit  may  then  be  rinsed  into  a  narrow  test- 
tube,  and  dissolved  in  a  little  boiling  strong  HCl.  This 
solution  will  contain  SnClg,  which  will  yield  with  HgClg 
solution  a  white  precipitate  of  Hg.2Cl2  (280,  34l)' 

Since  the  precipitation  of  HgaClg  depends  upon  the  formation  of 
SnCla  and  its  presence  in  the  acid  solution  ;  and  since  SnClj  is  readily 
converted  in  the  acid  liquid  into  SnClj  by  oxidation,  precautions  must 
be  taken  against  exposing  the  acid  solution  freely  to  the  air.  It  will 
usually  suffice  to  dissolve  the  deposit  quickly  in  a  narrow  test-tube, 
and  to  proceed  at  once  to  add  the  MgCl2. 

339.  Blowpipe-test  on  Charcoal. — Mix  any  solid  com- 
pound, containing  Sn,  with  powdered  Na.^COa  and  KCy,  and 
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heat  the  mixture  on  charcoal  in  the  inner  blowpipe-flame. 
A  slight  white  incrustation  will  be  obtained,  together  with 
white  particles  of  metallic  Sn,  which  are  with  difiiculty  fused 
into  globules. 

The  globules  of  Sn  are  malleable  :  they  differ  from  those  of 
Pb  by  their  greater  hardness,  which  prevents  them  from 
marking  paper.  Refer  to  paragraph  288  for  a  description  of 
the  methods  of  testing  these  globules. 


Distinctive  Reactions  for  STANNotrs  and  Stannic 

Compounds. 


Test. 

StannoM.5. 
Use  SnCIj-SHjO  dissolved  In 
dilute  HCl. 

Stannic. 
Use  SnCl4  in  dilute  HCl. 

340.  Pass  H^S: 

Dark  brown  precipitate  * 
(SnS)  :  soluble  in  KHO 
and  in  yellow  AnigS  on 
heating ;  re-precipitated 
by  HCl,  from  the  KHO 
solution  as  brown  SnS, 
from  the  Am^S  solution 
as    yellow    SnSj.  SnS 
is  insoluble  in  colourless 
AmjS. 

Yellow  precipitate  * 
(SnSj),  often  form- 
ing only  when  the 
liquid   is    heated  : 
soluble    in  AmgS 
(both   yelloiv  and 
colo7orless)    and  in 
KHO   on  heating, 
re-precipitated  by 
HCl  as  yellow  SnS.^ 
from     both  solu- 
tions. 

341.  HgCl.: 

White  precipitate  ( HgjCl  5) : 
turns  grey  on  being  Ijoiled 
if  the  SnClj  is  in  excess 
(280). 

No  precipitate. 

342.  AuCl.^: 

added  after  a 
drop    of  Br- 
water : 

Purple  or  dark  irown  preci- 
pitate, of  "Purple  of  Cas- 
sius." 

No  precipitate. 

*  Both  SnS  and  SnSg  are  readily  soluble  in  boiling  strong  HCl. 


[343.] 
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Detection  of  One  Metal  in  Group  II.b.,  when 
IT  OCCURS  Alone. 

-143  The  Tests  in  the  following  Table  of  Differences  answer  for 
these  metals  in  both  their  sets  of  conipouiuls :  for  distinctive  tests 
see  the  preceding  reactions  (323-326 :  336.  337  =  340-342)- 

No.  3  may  be  omitted,  unless  decisive  results  have  not  been  obtained 
by  1  and  2.    No.  i  is  for  solids  only. 


Group  II.b.— Table  op  Difpbrbncbs. 


Tests. 


1. 


Far  liquids. 

Puss  II-S  into 
the  solution 
acidifled  with 
IlCl  and  heat ; 
if  no  precipi- 
tate forms  heat 
to  boiling,  and 
again  pass  il^S: 


2.  HCl  and  Zn  on 
platinum: 


8.  Zn  and  HCl: 


4. 


For  solids. 

Heat  with 
Na^COa  and 
KCy  on  char- 
coal in  the 
iiuierblowpipe 
flame. 


As. 


Yellow  precipi- 
tate, insoluble 
in  boiling 
strong  HCl . 

Arsenic  com- 
pounds give 
this  precipitate 
only  on  boil- 
ing :  arseniot« 
in  the  cold. 

A3H3  evolved,  no 
stain  on  the 
platinum. 

Aslli  gas  is 
evolved,  which 
if  passed  into 
AgNOaSolution 
gives  a  black 
precipitate  of 
Ag,  H3ASO3  be- 
ing left  in  solu- 
tion; on  adding 
dilute  AmHO 
to  this  solu- 
tion, yellow 
AgaAsOa  is  pre- 
cipitated. 


No  metallic  glo- 
bules; smell  of 
garlic. 

Confirm  by  heat- 
ing same  mix- 
ture in  an 
ignition  tube 
(3*>). 


Sb. 


Orange  red  preci- 
pitate, soluble 
in  boiling 
strong  HCl . 


Black  stain  of 
Sb  on  the  pla- 
tinum. 


Shlli  gas  is 
evolved,  which 
if  passed  into 
AgNOsSolution 
givesapreoipi- 
tate  of  AgaSb, 
from  which  hot 
ir2T  solution 
dissolves  Sb; 
II2S  gives  in 
this  solution 
after  adding 
UCl  orange- 
red  .Sb.2S3 . 


Brittle  metallic 
globules,  white 
incrustation. 


Sn. 


Brown  pre- 
cipitate with 
stannous : 

Yellow  pre- 
cipitate with 
stannic : 

Both  soluble  in 
boiling  strong 
HCl. 


Sn  deposited  on 
the  zinc,  no 
stain  on  the 
platinum. 

Snis  deposited  on 
the  Zn  strips : 
and  if  dissolved 
in  boiling  HCl 
gives  a  wliite 
l)recipitate  on 
addition  of 
llgClj. 


Malleahit  metal- 
lic globules  and 
slight  white  in- 
crustation. 
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Sepaeation  and  Detection  of  Metals  in  Group  II. b., 

WHEN  THEY  OCCUIl  ToGETHEIl. 

344.  *  The  following  Differences  are  utilised : — 

1.  The  solubihty  of  Sb^Sg,  SnS,  and  SnSg  in  hot  strong 
HCl,  in  which  AsgSg  is  insoluble. 

2.  The  difference  in  the  reaction  of  Zn  and  HCl  upon  the 
solutions,  and  of  SbHg  and  AsIIg  upon  silver  nitrate  solu- 
tion (315,  330). 

3.  The  difference  in  the  products  of  fusion  with  Na2C03 
and  KNO3  (347). 

4.  The  action  of  Zn  and  Pt  in  the  presence  of  HCl  upon 
the  solution,  Sb  staining  the  platinum,  and  Sn  being  de- 
posited upon  the  Zn  (329,  338). 

Several  methods  are  in  use  for  the  separation  and  detec- 
tion of  As,  Sb,  and  Sn,  when  they  are  mixed.  The  most 
trustworthy  are  those  introduced  by  Hofmann  (346)  and  by 
Fresenius  (347).  A  method,  which  is  more  simple  and  can 
be  much  more  rapidly  carried  out,  may,  however,  be  generally 
employed  (345). 

First  Method. 

345.  *  From  a  Solution  which  may  contain  As,  Sb,  and 

Sn,  these  metals  are  first  precipitated  as  sulphides  by  passing 
HgS  into  the  acidified  solution.  The  sulphides  are  then 
filtered  off,  and  the  filtrate  is  again  tested  by  passing  HgS 
through  it  and  warming,  in  order  to  see  whether  the  precipi- 
tation has  been  complete.  When  no  further  precipitate  is 
produced  by  H^>S,  the  precipitated  sulphides  are  examined  in 
the  following  manner,  the  procedure  being  based  on  dif- 
ferences 1  and  4  (344). 

The  precipitate  produced  by  HgS  is  filtered  off,  and  is  then 
allowed  to  drain  for  some  time  upon  the  filter  in  the  funnel. 


[345.*]         GROUP  II.B.— DETECTION  OF  METALS. 


It  is  best  to  drain  it  still  further ;  this  may  be  effected  by 
the  filter-pump,  or  by  opening  out  the  filter,  and  spreading  it 
upon  a  pile  of  three  or  four  cut  filter-papers.  The  precipitate 
is  then  removed  to  a  small  porcelain  dish,  and  is  heated  for 
some  time,  nearly  to  boiling,  with  strong  fuming  HCl.  The 
liquid  is  then  cooled  and  filtered  : — 


The  Residue  will 
consist  chietly  of 
AsoSa,  which  is 
almost  insoluble 
in  strong  HCl. 

Dry  the  washed  re- 
sidue on  the  filter 
at  a  gentle  heat, 
then  mix  it  with 
three  or  four  times 
as  much  powdered 
KCy  and  NaoCOa, 
and  heat  the  mix- 
ture in  a  small 
bulb-tube,  remov- 
ing any  drops  of 
water  inside  the 
tube  by  a  twisted 
piece     of  fdter- 
paper ;    a  black 
mirror     (320) :  — 
Presence  of  As. 


The  Filtrate  may  be  examined  for  Sb  and  Sn 
by  either  I.  or  II.  below  : — 

I.  Place  a  piece  of  platinum-foil  in  a  porcelain 
dish  and  pour  the  acid  jfiltrate  upon  it,  and 
touch  the  foil  with  a  piece  of  Zn  ;  H  will  come 
otf  with  effervescence,  and  if  either  at  once  or 
after  a  few  minutes  a  black  stain  appears 
upon  the  platinum  the  presence  of  Sb  is  indi- 
cated.* 

The  platinum-foil  is  removed  and  pieces  of 
Zn  are  placed  in  the  liquid  :  as  soon  as  the 
bubbles  of  H  cease  to  be  given  off,  Zn  still 
remaining  undissolved,  remove  the  pieces  of 
Zn,  rubbing  and  rinsing  any  dark  deposit 
back  into  the  dish  ;  let  this  deposit  settle, 
decant  the  liquid  and  heat  the  solid  deposit 
with  strong  HCl  for  several  minutes  in  a  test- 
tube,  dilute  with  a  little  water,  filter  if  neces- 
sary, and  add  a  few  drops  of  HgCla  solution  ; 
a  white  or  grey  precipitate  (280,  341)  indi- 
cates : — Presence  of  Sn. 


Note.— The  A92.S3  may 
also  be  dissolved  by 
heating  with  a  little 
fuming  HNOj.  The  ex- 
cess of  1INO:j  is  l)oiled 
off  and  As  detected  as 
H:!As()4by  adding  AmCl, 
excess  of  AmllO  and 
MgS04  (326);  or  l)y  addi- 
tion of  AgNOa,  and  then 
cautiously  neutralising 
with  AmUO  (323). 


II.  The  acid  filtrate  is  poured  into  a  little 
hydrogen  flask  (fig.  71,  p.  172),  in  which  H 
has  been  coming  off  briskly  for  about  five 
minutes,  being  ])roduced  by  the  action  of  a 
little  strong  HCl  upon  some  pieces  of  Zn. 
The  H  is  lighted  at  the  jet,  and  the  inside  of 
a  small  porcelain  dish  or  crucible  lid  pressed 
down  upon  the  llamc :  a  black  stain  not  dis- 
solved by  solution  of  blcaching-powder  shows  : 
— Presence  of  Sb. 

The  residue  in  the  flask  is  tested  for  Sn,  as 
directed  in  the  latter  part  of  I.  (above). 


*  The  Sb  thus  deposited  on  the  Pt  may  be  rinsed  and  then  dissolved 
by  heating  the  foil  in  a  test-tube  with  a  little  very  dilute  HNO3  ;  if 
this  solution  is  cooled  and  diluted,  and  HoS  is  passed  through  it,  an 
orange-red  precipitate  will  be  formed,  confirming  tho  presence  of  Sb. 
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Second  Method. 

346.*  Hofmann's  Method. —The  sulphides,  which  have  been  precipi- 
tated as  is  directed  in  paragraph  345,  are  warmed  with  a  little  strong 
HCl,  and  a  small  crystal  of  KCIO3  is  occasionally  dropped  in  until 
solution  is  complete.  The  warming  of  the  liquid  is  then  continued 
until  no  smell  of  CI  is  evolved. 

This  solution  of  the  metals  is  then  poured  into  a  suitable  flask,  in 
which  H  is  being  generated  by  the  action  of  HCl  upon  pure  Zn  (fig. 
70,  315).  Sn  (Au  and  Pt)  will  be  deposited  upon  the  Zn,  while  As 
and  Sb  will  be  evolved  as  ASH3  and  SbHg  gases.  These  two  gases  are 
passed  into  AgNOg  solution,  and  yield  soluble  HoAsO,  and  insoluble 
Ag^Sb. 

The  AgNOg  solution,  containing  the  black  precipitate,  is  filtered  :— 


Precipitate :  Avash  this  well  upon  the 
filter,  and  pour  upon  it  some  boiling 
H2T  solution.  Boil  this  liquid  again 
and  pour  it  several  times  on  the 
filter.  Now  add  HCl,  and  pass 
a  red  coloration  or  precipitate 
indicates  : — 

Presence  of  Sb. 


Filtrate :  add  to  tliis,  some 
very  dilute  AmOH,  drop 
by  drop,  with  constant  mix- 
iug  by  stirring  or  shaking  : 
a  pale  yellow  flocculent  pre- 
cipitate indicates  : — 
Presence  of  As, 


The  Deposit  of  Sn  is  removed  from  the  Zn  in  the  flask,  and  is 
washed.  It  is  then  dissolved  by  boiling  it  with  a  little  strong  HCl  in 
a  narrow  test-tube.  For  the  examination  of  any  residue  here,  refer  to 
paragraph  1073  if  Au  and  Pt  have  to  be  tested  for.  The'  solution 
in  HCl  is  at  once  diluted  and  is  tested  for  SnCla  by  the  addition  of 
HgClg  solution  :  a  white  precipitate,  possibly  turning  grey,  shows  :— 
Presence  of  Sn. 

A  further  test  is  made,  if  necessary,  upon  the  original  solution  in  order 
to  ascertain  whether  the  tin  was  present  as  stannous  or  as  stannic  salt 
(340-342). 

Third  Method. 

347.  *  This  Method  depends  upon  the  Fact  tliat  fusion  with  NuaCO. 
and  NaNOs  converts  AS2S3  into  soluble  NagHAsG,,  SbaSg  into  insoluble 
NagHgSbgOy,  and  SnSg  into  insoluble  Sn  or  SnOg. 

The  Sulphides,  which  have  been  precipitated  as  is  directed  in  para- 
graph 345,  are  dried  on  the  filter,  and  the  precipitate  is  well  mixed 
with  equal  weights  of  powdered  Na2C03  and  NaNOs. 
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If  the  quantity  of  the  precipitate  is  very  small,  the  part  of  the  paper 
which  contains  the  precipitate  is  cut  up  into  small  pieces,  and  these 
are  treated  as  is  directed  for  the  precipitate. 

This  mixture  is  dropped  in  small  quantities  at  a  time  into  some 
NaNOa,  which  is  fused  iu  a  small  porcelain  crucible  over  a  Bunsen-llame. 
When  the  powder  has  all  been  added,  the  crucible  is  heated  sufficiently 
to  keep  the  mixture  melted  for  a  few  minutes,  and  the  liquid  mass  is 
then  poured  into  a  small  dry  porcelain  dish. 

As  soon  as  the  substance  has  cooled,  cold  water  is  poured  upon  it  in 
the  dish,  and  water  is  also  poured  upon  the  residue  which  adheres  to 
the  inside  of  the  crucible.  The  solid  substance  is  allowed  to  soak  in 
both  vessels  for  some  time  with  occasional  stirring,  crushing  it  by  pres- 
sure with  a  pestle  if  it  does  not  easily  fall  to  pieces  ;  it  is  then 
filtered  : — 


The  Residue  is  washed  on  the  filter  with  a 
mixture  of  equal  measures  of  water  and  alco- 
hol, in  which  Nti-^H.^SbaOy  is  insoluble  ;  the 
washings  are  rejected. 

The  precipitate  is  then  rinsed  into  a  small 
porcelain  dish,  using  as  little  water  as  pos- 
sible ;  a  few  drops  of  strong  HCl  are  added 
and  the  dish  is  heated,  more  HCl  being 
added,  if  necessary,  to  make  the  liquid  acid 
to  litnuis-paper. 

Whether  the  residue  has  dissolved  or  not, 
place  in  the  liquid  a  piece  of  clean  platinum- 
foil,  and  drop  upon  the  foil  a  piece  of  pure 
Zu.  Remove  the  foil  after  a  few  seconds,  a 
black  stain  shows  :— Presence  of  Sb.  See 
foot-note  (345*). 

When  the  Zn  ceases  to  be  acted  upon,  Sn  if 
present  will  remain  as  a  spongy  deposit. 
This  is  to  be  washed  by  decantation,  and 
then  dissolved  by  boiling  with  HCl  *  in  a  test- 
tube  :  HgCla  is  added  immediately  to  the 
solution  ;  a  white  precipitate  (341)  shows  : — 
Presence  of  Sn. 


Filtrate:  HNO3  is 
added  until  the 
solution  is  just 
acid  after  being 
boiled;  then 
AgNOs  solution  is 
poured  in  as  long 
as  it  causes  any 
precipitate,  and 
very  dilute  AmHO 
is  added  little  by 
little  t ;  a  brown 
precipitate,  readily 
dissolving  in  ex- 
cess of  AmHO, 
shows : 
Presence  of  As 


*  An  insoluble  residue  may  contain  An,  Pt.    See  paragraph  1073. 

t  Instead  of  mixing  dilute  AmHO  with  the  liquid,  AmHO  may  be 
carefully  poured  upon  the  top  of  the  liquid  ;  a  brown  colour  is  then 
seen  at  the  surface  of  contact. 
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[348-352.] 


REACTIONS  OF  THE  RARER  ELEMENTS  IN  GROUP  II. 

The  Rarer  Elements  of  this  Group  are  divided  into  two  classes  ; 
those  belonging  to  Group  IL  A.  are  Pd,  Os,  Rli,  Ru  ;  those  belonging 
to  Group  II.  13,  are  Au,  Pt,  Uo,  Se,  Te,  Ir. 


GROUP  II. A. —COPPER  GROUP. 

In  this  Group  are  included  Pd,  (Os,  Rb,  Ru) ;  these  metals  are  pre- 
cipitated as  sulphides  by  HgS  from  acid  solutions,  and  the  sulphides 
are  insoluble  in  Am^S  and  in  solution  of  alkaline  hydrate. 

Palladium  (Pd).— Use  solution  of  Palladium  chloride,  PdClg. 

Pd  occurs  as  metal  in  native  platinum,  also  in  gold  and  in  silver. 
Palladium  solutions  are  reddish-brown,  and  yellow  if  dilute :  the 
addition  of  water  precipitates  from  these  solutions  a  basic  salt,  unless 
sufficient  free  acid  is  present  to  prevent  the  precipitation. 

348.  H2S :  black  precipitate,  in  neutral,  alkaline,  and  acid  solu- 
tions ;  this  precipitate  is  insoluble  in  AuigS,  but  soluble  in  boiling 
HCl  and  in  aqua  regia. 

349.  AmHO  :  ilesh  coloured  precipitate  (PdC]2.2NH;;)  ;  soluble  in 
excess  of  AniHO  to  a  colourless  liquid,  from  whicli  HCl  precipitates 
yellow  crystalline  palladammonium  chloride  (NaHePd'T'la). 

350.  HgCyg:  yellowish-white  gelatinous  precipitate  (PdCyg), 
slightly  soluble  in  HCl,  easily  soluble  in  AmHO.  This  is  a  very 
characteristic  reaction. 

351.  KI :  black  precipitate  (Pdlg) ;  a  very  characteristic  reaction. 


GROUP  II. B.— ARSENIC  GROUP. 

In  this  Group  are  included  Au,  Pt,  Mo,  Se,  Te,  (Ir). 

Gold  (Au).— Use  solution  of  Gold  chloride,  AuCl^. 

The  solution  is  light  yellow  in  colour.  It  yields  a  dark  brown 
sulphide,  which  is  soluble  in  yellow  AmjSn. 

352.  SnCla  containing  a  little  SnCl^  :  purple  or  dark  brown  precipi- 
tate of  Purple  of  Cassius,  which  is  best  seen  when  the  test  is  made  in  a 
white  porcelain  dish. 
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FeSO,  solution  produces  either  at  once,  or  when  the  solution  is 
heaSl,  a  very  tiuely-diviaed  precipitate  of  Au  :  the  li.iuid  usually 
appears  bluish  by  transmitted  light,  and  is  always  copper-red  and 
turbid  by  rellected  light  :  — 

2AUCI3  +  6FeS04  =  2Au  +  2Fe./SO,)3  +  Fe,Clo . 
354  H..SO,  solution  produces  a  similar  precipitate  of  Au  when 
the  liquid  is  boiled.  If  the  liquid  is  boiled  for  son>e  time  in  a  porcelain 
dish,  the  Au  settles  down  in  small  black  masses,  and  the  solution  loses 
its  colour. 


Platinum  (Pt).— Use  solution  of  Platiuic  chloride,  ?tC\i. 
The  solution  is  reddish-yellow  in  colour.    It  yields  a  dark  brown 
sulphide,  which  is  soluble  in  yellow  AmaSn. 

355.  AmCl,  added  to  a  strong  solution,  produces  on  standing  for 
some  time,  or  more  quickly  on  being  stirred,  a  yellow  precipitate 
(Am.PtCl,i),  which  is  soluble  in  much  hot  water. 

356.  SnCL  gives  a  reddish-brown  colour  (PtCl^)  in  the  solution 
acidified  with  HCl:-PtCl,  +  SuCl,-PtCl2  +  SnCl4. 

The  Method  of  Separating  and  Detecting  Au  and  Pt  is  fully  given 
iu  paragraph  1073- 


MoLYBUATK  (M0O4).— Use  AiHaMoOj  solution. 

Mo  occurs  as  molybdate  :  also  as  sulphide,  which  may  be  readily 
converted  into  MoO^  by  heating  it  in  the  air  or  with  HNO,.  Un- 
ignited  M0O3  dissolves  in  acids  ;  ignited  MoO,  is  insoluble  in  acids, 
hut  is  easily  soluble  in  alkalis. 

357.  HCl,  HNO.„  or  HoSOj,  if  it  is  added  in  small  quantity  to  an 
a(iueoussoliitiou  of  a  molybdate,  yields  a  precipitate,  which  is  readily 
soluble  in  excess  of  the  acid. 

358.  H.^S,  added  in  veri/  small  (luantity  to  the  acidified  solution, 
gives  a  blue  liquid  ;  if  H2S  is  added  in  larger  quantity,  a  hroimi  preci])!- 
tate  (M0S.5)  forms  ;  the  precipitation  becomes  complete  only  when  the 
solution  is  heated  and  H2S  is  passed  for  some  time.  This  i)recipitate 
is  soluble  in  solution  of  alkaline  sulphide  or  of  alkaline^  hydrate  ; 
M0S3  is  reprecipitated  from  this  solution  when  acid  is  added  in  excess. 

359.  Zn,  or  SnClo,  if  it  is  added  to  the  solution  of  a  molybdate  in 
HCl,  colours  it  brown,  green,  or  blue,  according  to  its  state  of  con- 
centration. 
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[360-370.] 


360.  KCyS,  if  it  is  added  to  a  solution  acidified  with  HCl,  gives  no 
coloration  ;  but  if  a  piece  of  Zn  is  afterwards  dropped  into  the 
liquid,  a  beautiful  crimson  colour  is  produced  :  when  this  liquid  is 
shaken  with  ether,  the  colour  is  taken  up  by  the  ether. 

361.  Na^HPO^,  if  it  is  added  in  very  small  quantity  to  the  solution 
of  niolybdate  acidified  with  HNQ.f,  gives  a  yellow  precipitate  when 
the  liquid  is  gently  warmed  ;  this  precipitate  is  readily  soluble  in 
excess  of  alkaline  hydrate  solution. 

362.  Borax-bead  :  outer  flame,  yellow  ;  inner  flame,  dark  hroxvn. 

363.  Microcosmic-bead  :  outer  and  inner  flames,  green. 


Selenium  (Se).— Use  FeSe,  KaSeOg,  and  K2Se04. 
Se  occurs  as  selenide  of  Pb,  Fe,  Cu.  Ag. 

I.  Selenide  (Se).— Use  FeSe. 

364.  When  a  Selenide  is  heated  in  an  open  tube  it  evolves  a  smell 
of  decaying  horse-radish,  and  produces  a  grey  or  red  sublimate  of  Se  : 
the  smell  is  very  characteristic. 

II.  Selenite  (SeOa).— Use  KoSeO^  (369). 

365.  H2S  gives  in  an  acid  solution,  if  cold  a  yellow,  if  hot  a  reddish- 
yellow  precipitate  :  this  precipitate  is  soluble  in  AmoS. 

366.  BaCl2  gives  in  a  neutral  solution  a  white  precipitate :  soluble 
in  HCl  aud  in  HNO3. 

367.  SnCl2  or  H2SO3  gives  in  the  presence  of  free  HCl  a  red,  or  in 
warm  solutions  a  grey  precipitate  of  Se. 

368.  Cu  in  a  hot  solution  acidified  with  HCl  becomes  covered  with 
a  black  film :  the  liquid,  on  standing  with  the  Cu  for  some  time, 
becomes  coloured  red  with  Se. 

m.  Selenate  (SeOj).— Use  'K^^eO^. 

369.  HCl  produces  no  change  in  the  cold  ;  but  on  boiling,  CI  is 
given  off  and  the  selenate  is  reduced  to  selenite,  to  which  the  above 
tests  (365-368)  may  be  applied. 

370.  BaCl2  :  a  white  precipitate  (BaSe04)  5  insoluble  in  cold  HCl ; 
dissolved  by  boiling  with  HCl,  with  evolution  of  CI  and  reduction  to 
BaSeO,. 


[371-378.]      GROUP  II.— SELENIUM,  TELLURIUM. 
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IV.  Selenium  in  any  form  of  Combination. 

371.  When  it  is  heated  on  Charcoal  in  the  Inner  Blowpipe-flame  a 
solid  selenium  compound  evolves  a  smell  of  rotten  horse-radish. 

372.  When  it  is  heated  on  Charcoal  with  T^&^GO.,  in  the  Inner 
Blowpipe-flame  a  soleniuni  compound  yields  a  fused  mass,  which 
when  cooled  and  moistened  on  Ag  yields  a  black  stain,  and  on  addi- 
tion of  HCl  evolves  HaSe,  a  badly  smelling  gas. 


Telt.urittm  (Te).— Use  TbTc,  KJeO;,,  KoTeO^,  as  is  directed  below. 
Te  commonly  occurs  united  with  the  metals  Au,  Ag,  Bi,  Cu,  Fe, 

I.  Telluride  (Te).— Use  PbTe. 

373.  When  a  Telluride  is  heated  in  an  open  glass  tube  it  gives 
white  fumes  and  a  sublimate  ;  the  sublimate  diff'ers  from  that  given  by 
Sb,  by  being  fusible  before  the  blowpipe. 

n.  Tellurite  (TeO.,).— Use  lL,TeO.,  (377). 

374.  H^O :  on  dilution  with  water,  tellurous  acid  is  precipitated 
from  the  acid  solution. 

375.  H„S :  in  acid  solutions  a  brown  precipitate  (TcS.,),  easily 
soluble  in  AmgS. 

376.  HoSO  .,  SnClo,  or  Zn  precipitates  black  Te. 

m.  Telhirate  (TeOJ.— Use  KeTeO^. 

377.  HCl  ]iroduces  no  change  in  the  cold  solution  of  a  tellurate  ; 
but  on  boiling,  CI  is  evolved,  and  the  tellurate  is  reduced  to  tellurite  ; 
the  solution  then  gives  the  above  reactions  (374-376)- 

IV.  Tellurium  in  any  form  of  Combination. 

378.  If  it  is  fused  with  Na.^CO..  on  Charcoal  in  the  Inner  Blowpipe- 
flame,  a  tellurium  compound  gives  sodium  telluride,  a  solution  of  which 
gives '  a  black  stain  on  Ag.  When  this  solution  is  acidified  it  de- 
posits black  Te,  and  evolves  HjTc. 


For  the  Detection  of  the  Rarer  Elements  in  Group  II.,  see  the 
second  column  in  Table,  paragi-aph  1090. 
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GEOUP  L— SILVER  GROUP. 

379.  This  Group  includes  Pb,  Ag,  Hg',  together  with  the 
rarer  elements  Tl  and  W. 

The  solutions  of  these  metals  ditTer  from  those  of  all  other  metals, 
by  being  precipitated  as  chlorides  by  HCl  or  by  a  dissolved  chloride. 
Since,  however,  PbClg  and  TlCl  are  soniewliat  soluble  in  water,  these 
metals  are  not  entirely  precipitated  in  this  Group  as  chlorides,  and 
they  will  also  be  found  in  Group  II.  a.  as  sulphides  in  the  course  of 
analysis. 

For  the  Rarer  Elements  in  this  Group  refer  to  paragraphs  391-400. 


Lead  (Pb). 

380.  The  reactions  for  Pb  have  been  already  given  under 
Group  II.A.  in  paragraphs  284-288. 


Silver  (Ag). — Use  AgNOg  solution. 

381.  HCl :  white  precipitate  (AgCl),  which  becomes  curdy 
when  it  is  shaken  or  heated. 

Pour  off  the  liquid  with  the  precipitate  into  four  tubes. 
Inlter  one  portion,  wash  the  precipitate  and  let  it  stand  for 
some  time  exposed  to  sunlight  or  to  common  daylight ;  it 
will  become  blackish-purple. 

Show  with  the  other  portions  that  AgCl  dissolves  readily 
when  it  is  heated  Avith  AmHO  or  with  KCy  solution,  and  is 
precipitated  again  from  these  solutions  when  HNO3  added 
in  excess.    Show  also  that  AgCl  is  insoluble  in  HNO3, 
when  the  acid  is  boiled. 


[382-387.]       GROUP  I.— SILVER,  MERCUROSUM. 
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382.  H.,S  or  Am.,S  :  black  precipitate  (A<i,,S),  insoluble  in  AnigS 
and  in  KHO,  .soluble  in  boiling  dilute  HNO^j. 

383.  KHO  :  brown  precipitate  (AgHO),  insoluble  in  excess. 

384.  AmHO  :  light  brown  precipitate,  produced  only  when  very 
dilate  AmHO  is  added  drop  by  drop,  since  AgHO  is  very  easily 
soluble  in  excess  of  AmHO. 

385.  Blowpipe-test  on  Charcoal. — If  any  solid  substance  contain- 
ing,' Ag  is  mixed  with  powdered  Na.,C03  and  the  mixture  is  then  heated 
on'^ charcoal  in  the  inner  blowpipe-tlame,  white  malleable  globules  or 
scales  of  Ag  will  be  olitaiucd,  but  no  incrustation  will  be  formed  on 
the  charcoal. 


Mbrcurosum  (Hg). — Use  Mercurous  nitrate, 
Hg'2(N03)o.H.26,  dissolved  in  dUute  IINO3. 

Reactions  279-283  for  mercuric  salts  yield  precisely  similar  results 
with  raercurou-s  salts.  The  two  following  reactions  (386,  387),  how- 
ever, serve  to  distinguish  mercuric  from  mercurous  salts. 

386.  HCl :  a  white  precipitate  (Hg'gCl^),  insoluble  in  cold 
dilute  acids,  but  soluble  when  it  is  warmed  with  HNO^  or 
with  a  mixture  of  HCl  and  HNO3,  which  convert  it  into 
soluble  mercuric  salt. 

This  precipitate  becomes  black  when  AmHO  is  ijoured 
upon  it,  but  does  not  dissolve. 

A  solution  of  mercurt'c  salt  is  not  precipitated  by  IICl 
or  by  solution  of  a  chloride. 

387,  AmHO,  or  KHO :  black  precipitate,  insoluble  in 
excess. 

In  a  solution  of  mcvoxwic  salt  AmHO  usually  causes  a 
white  precipitate  (NM2HgCl),  and  KHO  precipitates  yellow 
HgO. 
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REACTIONS  OF  THE  METALS.         [388,  389.*] 


Detection  op  One  Metal  in  Group  I.,  when  it  occurs 

Alone. 

388.  The  following  Table  of  Differences  enables  one 
metal  of  this  Group  to  be  detected,  when  it  is  present 
alone. 


Group  I. — Table  of  Differences. 


Tests. 

Pb. 

Ag. 

1 

Hg'. 

For  liquids. 
1.  Add  HCl : 

White  precipitate, 
soluble  in  boiling 
water ;  AmHO 
neither  dissolves 
the  precipitate 
nor  changes  its 
colour. 

1 

White  curdy  pre- 
cipitate, insolu- 
ble in  boiling 
water,  easily 
soluble  in  warm 
AmUO. 

Wniite  precipitate  , 
insoluble  in  boil- 
ing    water ;  in- 
soluble in  AmUO, 
but  blackened  by\ 
it. 

• 

2.    Add  AmHO, 
very  dilute : 

White  precipitate, 
insoluble  in  ex- 
cess. 

Brown  precipitate, 
readily  soluble  in 
excess. 

Black  precipitate, 
insoluble  in  ex- 
cess. 

3.  Add  KjCrO* : 

Bright  yellow  pre- 
cipitate. 

Chocolate  red  pre- 
cipitate. 

Scarlet  red  preci- 
pitate. 

For  solids. 

4.     Fuse  with 
Na^COa  on  char- 
coal in  the  inner 
blowpipe  flame : 

1 

White  malleable 
globules  of  metal 
which  mark  pa- 
per ;  yellow  in- 
crustation on  the 
charcoal. 

1 

White  malleable 
globules  or  scales 
which  do  not 
mark  paper;  no 
incrustation. 

No   metallic  glo- 
bules. 

Confirm  by  heating 
with  NaiCOs  in 
an  ignition  tube 
(28-2). 

Separation  and  Detection  op  Metals  in  Group  I.,  when 
they  occur  Together. 

389."^  The  following  Differences  are  made  use  of: — 

1.  The  solubility  of  PbClg  in  boiling  water,  in  which 
AgCl  and  Hg'gClg  are  insoluble. 


[390*-394.]  GROUP  I. — THALLIUM.  i^^ 

2.  The  solubility  of  AgCl  in  AmHO,  in  Avhich  irg'..Clo  is 
insoluble. 

After  each  metal  has  been  separated,  its  presence  is  con- 
firmed by  one  of  its  characteristic  tests. 

390.*  A  Solution,  which  is  to  be  examined  for  Pb,  Ag, 
and  Hg',  is  precipitated  by  adding  HCl  in  excess;  it  is 
then  filtered,  and  the  clear  filtrate  is  mixed  with  more  HCl 
in  order  to  ascertain  whether  the  metals  have  been  com- 
pletely precipitated.  The  precipitate  is  then  examined  by 
Table  I.  (1022). 


REACTIONS  FOR  THE  RARER  ELEMENTS  IN  GROUP  I. 

391.  The  elements  included  in  this  Group  are  Tl  and  W. 

Tlie  addition  of  HCl  in  excess  partially  precipitates  Tl  as  chloride, 
and  completely  precipitates  tungstic  acid  from  a  tungstate. 

Since  TlCl  is  only  partially  precipitated  in  Group  L,  owing  to  its 
being  somewhat  soluble  in  water,  Tl  is  also  found  in  the  ordinary 
course  of  analysis  in  Group  Ill.ii.,  where  it  is  completely  precipitated 
as  sulphide  by  AiUoS. 


Thallium  (Tl).— Use  TI2SO4  solution. 

Tl  occurs  in  small  quantity  in  many  natural  sulphides,  and  occa- 
sionally in  the  ashes  of  plants  and  in  mineral  waters.  Tl  yields  both 
thalHc  and  thalhows  salts  ;  but  the  former  are  very  unstable,  changing, 
even  wlicn  their  solutions  are  heated,  into  thalk'oits  salts. 

392.  HCl:  a  white  precipitate,  which  rapidly  settles,  does  not 
blacken  in  the  light,  and  is  soluble  in  aqua  regia.  It  is  soluble  in  a 
large  quantity  of  water,  and  therefore  does  not  form  in  dilute  solu- 
tions. 

393.  KI:  a  yellow  precipitate,  almost  insoluble  in  water,  more 
soluble  in  KI  solution.  If  ferric  salt  is  present  in  the  solution,  it 
must  be  reduced  by  H2SO3  before  KI  is  added. 

394.  PtCl^ :  orange-red  precipitate,  slightly  soluble  in  water, 

N 


194 


REACTIONS  OF  THE  METALS.  [395-400.] 


395.  Am-^S :  black  i)recipitate,  which  is  easily  coagnlated  by  heat, 
is  insoluble  in  AmHO,  in  alkaline  sulphides,  and  in  KCy  solution  ; 
it  is  readily  oxidised  by  the  air  to  TI2SO4,  and  is  easily  soluble  in 
mineral  acids. 

Tl  is  completely  precipitated  by  HoS  from  a  solution  in  which  HA 
is  the  only  free  acid  present,  but  the  presence  of  a  free  mineral  acid 
prevents  the  precipitation. 

396.  Flame  Coloration. — Thallium  compounds  impart  to  the 
15unsen-flame  an  intense  green  colour,  which,  however,  rapidly  dis- 
appears. 

The  spectrum  (fig.  68,  116)  consists  of  one  bright  emerald-green 
line,  and  is  very  characteristic.  Thallium  may  be  easily  detected  by 
the  spectroscope  when  it  is  present  in  solution,  or  in  any  of  the  preci- 
pitates which  are  mentioned  above. 


TuNGSTATE  (WO4).— Use  ]Sra2W04  solution. 

W  usually  occurs  in  the  form  of  a  tungstate.  An  insoluble 
tungstate  yields  a  soluble  alkaline  tungstate  when  it  is  fused  with  an 
alkaline  carbonate.  From  the  solution  of  an  alkaline  tungstate  HCl 
precipitates  the  tuugstic  acid  entirely. 

397.  HCl,  HNO3,  or  H2SO4  :  white  precipitate  (H2WO4),  which 
becomes  yellow  when  the  liquid  is  boiled  :  it  is  insoluble  in  excess  of 
acid,  but  soluble  in  AmHO. 

H  a  piece  of  Zu  be  dropped  into  the  acid  liquid  containing  the 
precipitate,  it  yields  a  deep  blue  colour. 

396.  SnCl2  in  neutral  solution,  made  by  dissolving  SnCl2  crystals 
in  water  and  filtering,  gives  a  yellow  precipitate,  which  becomes  blue 
when  HCl  is  added  and  the  liquid  is  heated. 

399.  AmgS  yields  no  precipitate  in  the  solution  of  an  alkaline  tung- 
state ;  but  if  Am2S  is  added,  and  the  lif^uid  is  then  made  acid  with 
HCl,  brown  WS3  is  precipitated. 

400.  Microcosmic-bead :  outer  flame,  colourless  or  yellow :  inner 
flame,  blue  :  if  a  little  FeS04  is  introduced  into  the  fused  bead,  the 
colour  changes  to  blood-red.  These  colours  are  best  seen  when  the 
bead  is  perfectly  cold. 

For  the  Detection  of  the  Rarer  Elements  of  this  Group,  refer  to 
the  first  column  in  the  Table  (1090). 


[401.] 


GEOU?  I. — TUNOSTATE. 
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DETECTION  OF  METALS  BY  THE  ANALYTICAL  TAliLES. 

401.  The  metals  are  classified  in  Analytical  Groups  in 
paragraph  931. 

The  more  important  tests  for  the  metals  are  hrought 
together  in  systematic  and  tabular  form  in  Sections  V.  and 
VI. 

The  scheme  of  analysis  in  Section  V.  serves  to  detect  the 
presence  of  one  metal  when  all  other  metals  arc  absent. 
This  Section  is  only  employed  for  special  purposes. 

The  fuller  scheme  of  analysis  in  Section  VI.  serves  to 
detect  metals  when  they  arc  present  together. 

The  General  Table  for  the  detection  of  the  Rarer  Elements 
will  be  found  in  paragraph  1090.  This  is  supplementary  to 
the  General  Table  (IOO7). 


SECTIOI^  lY.-PART  III. 


ANALYTICAL,  REACTIONS  FOR  ACID- 
RADICLES. 


498.  Introductory  Eemarks.  —  The  Acid  -  radicles  are 
usually  detected  in  the  course  of  analysis  by  special  tests. 
They  cannot  advantageously  be  precipitated  in  Groups,  from 
which  the  members  of  each  Group  are  subsequently  sepa- 
rated and  identified,  as  is  the  case  with  the  Metals. 

Accordingly  the  classification  adopted  for  their  reactions 
consists  in  placing  together  in  a  Group  those  Acid-radicles 
which  somewhat  resemble  one  another  in  their  reactions ; 
and  then  stating  at  the  end  of  each  Group  upon  Avhat  differ- 
ences the  detection  of  its  members,  when  they  occur  together, 
depends. 

The  reactions  for  Acid-radicles  are  worked  through  in  the 
same  way  as  those  for  the  metals,  a  salt  or  other  compound 
which  contains  the  radicle  being  employed.  At  the  end  of 
each  Group  the  student  may  with  advantage  detect  one  or 
more  of  its  members,  as  was  done  with  the  Metals. 

The  systematic  Tables  of  Difierences,  such  as  are  given 
for  each  Group  of  the  Metals,  are  not  drawn  out  for  the 
Acid-radicle  Groups.  The  student  should  have  no  difficulty 
in  constructing  such  Tables  for  himself,  either  mentally  or 
on  paper,  after  looking  through  the  reactions. 


[499-501.] 


GROUP  1.— SULPHATE. 
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GROUP  I.— SULPHATE  GROUP. 

499.  This   Group  includes  sulphate  (SO4),  ihiosiUcate 

(SiFj;),  and  selenate  (SoO^). 

These  ;icid-raiUcles  are  distinguished  by  yielding  a  precipitate, 
when  BiiClo  is  added  iu  the  presence  of  hydrochloric  acid. 

Sulphate  is  the  only  commonly  occurring  acid-radicle  which  gives 
with  BaCla  a  precipitate  insoluble  in  boiling  HCl. 

Fluosilicate  resembles  sulphate  in  this  respect  ;  but  differs  from 
sulphate  in  so  many  reactions  that  it  is  considered  hereafter  (610-614) 
in  connection  with  Huoride  and  silicate,  to  which  it  is  analytically 
more  closely  related. 

Selenate  yields  a  precipitate  of  BaSeO^  when  BaCla  is  added  iu 
the  presence  of  cold  HOI  ;  but  this  precipitate  differs  from  BaSO^  by 
being  dissolved  when  it  is  boiled  for  some  time  with  strong  HCl 
(369)- 


Sulphate  (SO,).— Use  Na.SO^.lOHgO. 

500.  BaClj,  or  Ba(NO,j), ;  white  precipitate  (BaSOJ  ;  re- 
mains undissolved  when  it  is  boiled  with  dilute  HCl  or  HNO3. 

Note.— BaCl.j  and  Ba(NO.,).^  are  insoluble  in  strong  HCl  and  in 
strong  HNU;j.  Care  must  be  taken  not  to  mistake  the  precipitates 
which  are  caused  by  these  acids  for  a  precipitate  of  BaSOj.  These 
piecipitates  arc  readily  distinguished  from  BaS04  by  their  solubility  in 
water. 

Add  P.aCl2  or .  Ba(NO:j).  solution  to  strong  HCl  or  HNO;).  A 
white  precipitate  will  be  produced,  consisting  of  BaClo  or  of  Ba(N0;,).2, 
which  is  insoluble  iu  the  strong  acid.  iNow  add  much  water  :  the  pre- 
cipitate will  dissolve  readily  and  completely  in  the  water. 

501.  Blowpipe-test  on  Charcoal. — If  a  sulphate,  or  any 
sohd  substance  containing  sulphur,  is  mixed  with  solid 
NagCOg,  and  the  mixture  is  then  heated  on  charcoal  in  the 
inner  blowpipe-flame  until  the  Na.^COg  fuses,  Na^S  will  be 
produced  : — 

Ka2S04-t-4C=Na,S-f  4C0. 
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REACTIONS  OF  THE  ACID-RADICLES. 


[502.] 


The  Na^S  thus  produced  may  he  readily  detected  hy  detach- 
ing the  cold  solid  mass  from  the  charcoal  with  the  point  of  a 
knife,  placing  a  portion  of  it  upon  a  bright  silver  coin,  and 
moistening  it  with  a  drop  of  water.  After  the  moistened 
mass  has  remained  upon  the  coin  for  a  short  time,  it  is 
rinsed  off ;  a  black  stain  ( Ag.^S)  Avill  then  be  seen  upon  the 
part  of  the  silver  upon  which  the  substance  rested  (511). 

Another  portion  of  the  cool  mass  may  be  moistened  with 
a  drop  of  HCl.  A  fetid  smell  of  liS  will  then  be  observed  ; 
and  a  piece  of  paper,  moistened  with  PbA.,  solution  and  held 
above  the  substance,  will  be  blackened  (510). 

This  test  is  evidently  only  of  value  for  detecting  a  sulphate,  when 
it  is  known  that  sulphur  is  not  present  in  any  other  form  in  the  sub- 
stance to  be  tested. 

It  is  also  necessary  that  sulphur  should  not  be  introduced  by  tlie 
Na^COg,  or  by  the  flame.  Since  coal-gas  may  contain  sufficient 
sulphur  to  give  the  above  reaction  with  pure  NagCOg,  it  is  advisable  to 
employ  the  flame  of  a  spirit-  or  petroleum-lamp  (3)  rather  than  that  of 
a  gas-burner  for  this  reaction. 

502.  Hydrogen  sulphate,  or  Sulphuric  acid  (H^SO^), 
even  when  it  is  dilute,  may  be  detected  by  producing  black 
charred  stains  on  paper,  which  has  been  dipped  into  the 
liquid  and  has  then  been  dried  by  heat.  Sulphuric  acid  has 
a  strongly  acid  reaction  to  litmus,  and  evolves  hydrogen  when 
it  is  diluted  and  warmed  with  Zn  :  these  properties  are, 
however,  shared  by  some  metallic  sulphates  and  by  the  acid 
sulphates. 


Selbnate  (SeOj)  : — The  reactions  for  selenate  have  been  already 
given  (369-372)  in  Group  II.  for  the  metals.  Selenate  is  classed  in 
Group  II.  because  it  gives  a  precipitate  with  H.^S,  after  its  solution  in 
hydrochloric  acid  has  been  boiled. 


Fluosilicate  (SiF(j) ;  see  reactions  610-614. 
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Detection  of  Acid-kadicles  op  Gnour  I. 

503.  After  the  acid-radicle  has  been  precipitated  by  the 
addition  of  BaCl.,,  it  may  be  identified  by  noting  the  follow- 
ing differences  in  the  properties  of  the  insoluble  barmm 
salts. 

The  precipitate  of  BaSO^  differs  from  that  of  BaSeO^  by 
being  quite  unaffected  when  it  is  boiled  with  HCL 

BaSeOj  may  be  dissolved  by  being  boiled  with  HCl,  and 
selenite  may  then  be  detected  in  the  solution  by  the  tests 
given  in  paragraphs  365-368.  When  BaSeO,  is  heated  on 
charcoal,  it  gives  the  peculiar  smell  of  rotten  horse-radish. 

BaSiF,;  is'  distinguished  by  heating  it  with  strong  H.^SO^, 
when  HF  is  evolved,  which  etches  glass  (6l2).  For  other 
differences,  see  paragraphs  61O,  611. 


200 


KEACTIONS  OF  THE  ACID-EADICLES.      [504,  505.] 


GROUP  II.— CARBONATE  GROUP. 

504.  This  Group  includes  carbonate  (CO3),  sulphide  (S), 
sulphite  (SO3),  thiosulphate  (S./)3),  hypochlorite  (CIO),  and 
nitrite  (NO.). 

Salts  which  contain  these  acid-radicles  evolve  character- 
istic gases  when  they  are  acted  upon  by  HCl. 


Carbonate  {CO3).— Use  Na,CO.,  or  CaCO._^. 

505.  HCl,  HA,  H._,T,  and  almost  any  other  acid,  when  it  is 
poured  upon  a  carbonate  in  a  test-tube,  causes  colourless, 
almost  inodorous  carbon  dioxide  gas  (CO.,)  to  escape  with 
effervescence.  This  gas  is  recognised  by  its  property  of 
turning  lime-water  or  baryta-water  milky,  owing  to  the  pro- 
duction of  an  insoluble  carbonate. 

The  Lime-water  Test  may  be  tried  in  several  ways,  wliich  are 
described  below. 

1.  A  glass  rod  wliich  has  been  just  removed  from  some  perfectly 
clear  lime-water,  and  which  has  a  small  drop  adhering  to  its  end,  is 
introduced  into  the  test-tube,  in  which  the  carbon  dioxide  has  been 
evolved  ;  the  drop  will  quickly  become  milky.  Care  must  be  taken  not 
to  allow  the  rod  to  touch  the  liquid  or  the  inside  of  the  tube.  The 
milkiness  is  best  seen  when  the  rod  is  removed  and  the  drop  is  held 
above  a  dead  black  surface. 

2.  Since  carbon  dioxide  gas  is  much  heavier  than  air,  it  will 
remain  in  the  test-tube  in  which  it  has  been  liberated,  if  the  tube  is 
held  erect  and  its  mouth  is  loosely  closed  with  the  thumb.  If  the 
tube  is  gradually  inclined,  the  heavy  gas  may  then  be  poured  into 
another  test-tube  containing  lime-water,  without  allowing  any  liquid 
to  flow  out.  On  closing  this  tube  with  the  thumb,  and  shaking  the 
lime-water  up  with  the  gas,  the  liquid  will  become  milky. 

3.  The  acid  may  be  poured  upon  the  carbonate  in  a  small  beaker, 
which  is  immediately  covered  with  a  watch-glass,  the  under  surface  of 
the  watch-glass  having  a  drop  of  clear  lime-water  adhering  to  the 
middle  :  the  drop  will  become  milky. 


[506-509.]    GROUP  II.— CARBONATE,  BICARBONATE. 
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4.  If  the  CO,  is  given  off  in  considerable  quantity,  it  may  l)c  con- 
ducted  into  some  linie-vvator  contained  in  a  seiniiate  tube.     i Ins  is 
effected  by  either  of  the  forms  of  apparatus,  which  are  shown 
figure  73. 

Precautions. -In  testing  for  carbonate  the  following  precautions 

must  be  attended  to.  . 

The  niilkiness,  which  is  at  first  produced  in  lime-water  by  OU,. 
irradually  disappears  when  more  CO,  is  absorbed.    Hence,  if  the  iime- 
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water  iloes  not  become  milky  at  once,  it  must  be 
constantly  watched,  in  order  to  avoid  the  risk  of 
the  niilkiness  not  being  observed  before  it  has  been 
removed  by  the  farther  absorption  of  CO,. 

If  the  addition  of  the  first  few  drops  of  acid 
to  the  substance  does  not  cause  an  effervescence 
of  COo,  more  acid  should  be  added  ;  since  a  car- 
bonate may  be  simply  converted  into  an  acid  car- 
bonate by  the  action  of  a  small  quantity  of  acid,  and 
it  will  evolve  no  CO,  during  this  change. 

A  powdered  solid  substance,  which  is  being 
tested  for  a  carbonate  by  HCl,  should  be  first 
moistened,  in  order  to  drive  out  the  air-bubbles  entangled  within  it, 
since  if  these  escaped  on  the  addition  of  the  acid,  they  might  be  mis- 
taken for  a  slight  effervescence  of  CO,. 


Apparatus 
Foii  Tesi  ing 
Gas  Evolved. 


Hydric  Carbonate,  or  Bicarbonate. 

506.  Hydric  carbonate,  or  Bicarbonate,  is  decomposed  by  heat  into 
normal  carbonate,  with  escape  of  CO,  and  11,0.  Prove  this  by  adding 
sodium  bicarbonate  (NaHCO:,)  to  boiling  water  in  a  test-tube :  effer- 
vescence will  occur:  2NaHCO.,  =  Na2CO.,-iC02-f  H,0  :  the  escaping 
gas  causes  niilkiness  when  it  is  passed  into  lime-water.  The  escape  of 
H,0  is  seen  when  some  NaHCO;)  is  heated  in  an  ignition-tube,  and 
the  evolution  of  CO,  may  also  be  detected. 

507.  MgSO^.— A  solution  of  bicarbonate,  which  has  been  nuule  with 
cold  water,  gives  no  precipitate  witli  I\lgS04  solution  ;  but  after  the 
solution  has  been  boiled  it  will  contain  a  normal  carbonate,  and  this 
will  give  a  precipitate  of  white  MgCOa- 

508.  HgCl,  yields  with  solution  of  bicarbonate  a  pale  yellow  precipi- 
tate ;  solutiiui  of  normal  carbonate  yields  an  orange-red  precipitate 
with  HgCl,  solution. 

509.  Hydrogen  carbonate,  or  Carbonic  acid  (H2CO3),  can  only 
exist  ill  dilute  aqueous  solution.    The  addition  of  sulTicient  lime-water 
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to  its  solution  causes  a  permanent  milkiness.  Other  substances  iu 
solution,  however,  behave  in  a  similar  way  ;  hence  tlie  acid  is  best 
found  by  boiling  the  liquid,  and  passing  the  CO.,,  which  is  evolved 
with  the  steam,  into  lime-water  ;  the  lime-water  will  become  milky. 
Bicarbonates  give  the  same  result  (506). 


Sulphide  (S).— Use  solid  FeS,  or  solution  of  Am.^S. 

510.  HCl,  or  R,SO^,  when  it  is  poured  upon  many  sul- 
phides, produces  H^S,  which  may  escape  with  effervescence, 
or  may  in  great  part  remain  in  solution  until  the  liquid  is 
heated.  This  gas  is  detected  by  its  fetid  smell,  which  re- 
sembles  that  of  rotten  eggs;  and  by  its  property  of  blacken- 
ing PbA^,  solution,  owing  to  the  formation  of  PbS. 

The  gas  may  be  made  to  act  upon  the  PhA^  solution  by  the 
methods  given  for  CO.^  (505,  1-4)  ;  or  a  small  strip  of  filter-paper, 
moistened  with  the  solution,  may  be  introduced  into  the  gas  on  the 
end  of  a  glass  rod.  The  paper  strip  should  be  attached  to  the  rod  by 
only  half  its  length,  so  as  to  expose  both  surfaces  of  the  lower  part  of 
the  -strip  to  the  action  of  the  gas. 

Note.— This  test  is  made  much  more  delicate,  if  the  filter- paper  is 
moistened  witli  a  solution,  which  is  pre^jared  by  adding  KHO  to  boil- 
ing PbAa  solution,  until  the  precipitate,  which  is  formed  at  first,  is 
just  redissolved.  The  test-paper,  which  has  been  thus  prepared, 
becomes  intensely  blackened  by  H2S. 

511.  Ag. — If  solution  of  sulphide  is  dropped  upon  a 
bright  silver  coin,  it  produces  a  black  stain  (Ag.,S).  This 
stain  may  be  removed  by  rubbing  the  coin  with  moist  lime. 

A  solid  sulphide,  which  gives  off  B^S  on  the  addition  of 
HCl,  produces  a  black  stain  when  it  is  placed  upon  a  silver 
coin  and  is  moistened  with  a  drop  of  HCl. 

512.  Solution  of  PbA^  gives  with  solution  of  sulphide  a 
black  precipitate  (PbS).  The  solution  produced  by  adding 
KHO  in  excess  to  PbA^  solution  (510,  Note)  is  a  more  deli- 
cate reagent  for  this  test. 


513.  The  formation  of  Sulphocyanide  (650)  may  be 
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employed  as  a  very  delicate  test  for  a  soluble  sulphide.  Tt 
depends  on  the  detection,  by  means  of  Fe..Cl^,  of  the  sulpho- 
cyanide,  which  has  been  formed  by  the  action  of  KCy 
solution  upon  the  sulphide. 

514.  Ignition.— Free  sulphur  and  many  sulphides,  when 
they  are  strongly  heated  in  a  test-tube,  give  a  sublimate  of 
sulphur  in  the  form  of  brown  drops  or  of  yellow  powder. 

515.  Ignition  in  the  Air.— Free  sulphur  and  many  sul- 
phides, when  they  are  heated  in  a  tube  open  at  both  ends 
and  held  obliquely  in  the  flame,  give  off  SO.,  gas.  This  gas 
may  be  recognised  by  its  pungent  smell,  and  by  causing  the 
colour  of  paper  moistened  with  KoCr.Oy  solution  to  change 
to  bluish-green. 

516.  Insoluble  Sidpliide,  when  fused  with  Na.,CO.,  in  a 
covered  porcelain  crucible,  or  in  a  hard  glass  ignition-tube, 
yields  soluble  Na.,S,  which  may  be  detected  by  the  above 
tests  (510-513)- 

517.  Fusion  with  KNO3,  or  simply  heating  with  strong 
HNO.3,  converts  a  sulphide  into  a  sulphate,  which  may  be 
detected  in  solution  by  BaCl.^  (500)- 

518.  Hydrogen  sulphide,  or  Hydrosulphuric  acid  (H.^S), 
in  aqueous  solution,  is  easily  recognised  by  the  tests  described 
in  paragraphs  511,  512.  Unless  the  solution  is  very  dilute 
it  will  emit  H.,S,  which  may  be  readily  detected  either  by 
its  smell,  or  by" suspending  lead  acetate  paper  over  the  liquid 
(510). 


SuLFiiiTB  (SOy).— Use  NaHSOg. 

519.  HCl,  or  H.,SO„  when  it  is  poured  upon  a  sulphite 
and  warmed,  gives 'off  80.,  gas:  this  gas  may  be  recognised 
by  its  pungent  smell  and  by  turning  K.^Cr^.  solution  green. 

A  drop  of  the  KgCrA  solution,  hanging  on  the  end  of  a  glass  rod, 
may  be  exposed  to  the  gas  (505,  1);  or  a  small  strip  of  filtn  -piiper  may 
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be  wetted  with  the  bichromate  solution  and  then  attached  by  half  its 
length  to  tlie  rod,  tlie  other  half  hanging  freelj'  in  the  gas. 

520.  BaCL,:  white  precipitate  (BaSO..j).  The  formation  of  this 
precipitate  is  prevented  by  the  presence  of  HCl,  but  a  precipitate 
usually  forms  owing  to  the  presence  of  some  sulpliate  in  tlic  salt  used. 
When  Cl-water  or  Br-water  is  added  to  the  clear  solution  of  BaSO^  in 
HCl,  BaS04  is  formed  and  precipitated  :  — 

BaOla  +  HoSOy  +  H2O  +  2C1  =  BaSOj  +  4HC1 . 

521.  Nascent  Hydrogen.— The  addition  of  sulphite  solu- 
tion to  a  mixture  of  HCl  and  Zn,  which  is  giving  off  pure 
H,  immediately  causes  an  evolution  of  R.,H.  The  HgS  is 
detected  by  its  smell,  or  by  blackening  a  piece  of  filter-paper 
moistened  with  solution  of  PbAg,  or  of  PbO  in  excess  of 
KIIO  (510). 

522.  Hydrogen  sulphite,  or  Sulphm^ous  acid  (H^SO^), 
can  be  detected  in  aqueous  solution  by  adding  to  the  liquid  a 
drop  of  K^Cr^Oy  solution:  the  reddish  colour  Avill  at  once 
change  to  green.  Strong  aqueous  solution  of  hydrogen 
sulphite  slowly  evolves  SO^,  and  dilute  solutions  evolve  SO., 
when  they  are  heated :  this  gas  may  be  readily  detected  by 
its  smell  and  by  K.^Cv^O.  solution  (519). 


Thiosulphatb,  oil  Hyposulphite 
Use  solution  of  Na^iS203.5H.,0. 

523.  HCl,  or  H^,SO^,  causes  no  immediate  change  in  the 
cold  solution ;  but  after  a  few  seconds  the  acidilied  liquid 
becomes  turbid,  owing  to  the  separation  of  finely-divided 
yellow  S,  and  it  then  contains  H.^SOy : — H2S2O3  =  S  -f  H^SOg. 
SO2  from  the  HgSOg  may  be  recognised  by  its  pungent  smell, 
when  the  acidified  liquid  is  heated ;  and  it  may  be  detected 
in  the  solution,  by  adding  a  few  drops  of  K^CrgO^  solution, 
which  changes  colour  to  green. 
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[524-528.]         TTIIOSULPHATE,  HYPOCHLORITE. 

C24  Fe,A-  gives  a  reddish -violet  colour  with  solution  of  thiosul- 
phSe."    This 'colour  disappears  after  a  short  time  iu  the  cold  and 
Innuediately  when  the  Uqnid  is  heated.    The  Fe.C  «  solution  at  h 
same  time  loses  its  yellow  colour,  since  it  is  changed  from  Fe.,Cl,  into 
Fed,. 

^2^  AgNO,:  a  white  precipitate  (Ag.,8,O;0,  wl'ich  becomes  black 
after  standing  for  a  short  time,  or  immediately  when  the  liquid  is 
lieated,  owing  to  the  formation  of  Ag-^S  :■— 

Ag.,S.,0:,  +  H.,0  =  Ag.,vS  +  H.,S04 . 

The  above  precipitate  (Ag.,S.,0,)  dissolves  very  readily  in  excess  of 
the  Na.S..O:,  .solution,  hence  it  is  most  easily  obtained  by  dropping  tlic 
thiosulphate  solution  into  some  AgNOg  solution. 

526.  Hydrogen  thiosulphate,  or  Thiosulphuric  acid  (H^SoO,),  i« 
extremely  unstable,  rapidly  separating  into  S  +  HsSO;!  (523). 


Hypochlorite  (CIO).— Use  solution  of  Bleaching-powdev, 
containing  CaCl.202. 

527.  HCIO  is  evolved  from  a  hypochlorite  when  it  is  in 
the  solid  state  or  in  strong  solution ;  it  is  probably  hberated 
by  the  action  of  the  atmospheric  carbon  dioxide.  The  smell 
of  the  vapour  thus  evolved  resembles  that  of  CI,  but  is  far  less 
irritant  to  the  nose. 

528.  HCl,  or  H.,SOj,  if  it  is  added  in  excess,  sets  free  CI 
from  hypochlorite  in  the  cold.  This  gas  may  be  recognised  by 
its  smell,  by  its  yellowish  colour,  and  by  its  power  of  bleaching 
a  piece  of  moistened  litmus-paper  when  the  paper  is  held  for 
a  short  time  in  the  gas.  If  the  CI  is  small  in  quantity  and 
remains  dissolved,  a  piece  of  litmus-paper  may  be  shaken  up 
with  the  solution. 

CaCU).,  4-  4HC1  =  4C1  +  CaCls  +  211,0. 

The  bleaching  of  litmus  by  solution  of  hypochlorite  occurs  .slowly 
even  without  the  addition  of  acid,  owing  to  the  bleaching  power  of  the 
nascent  oxygen  liberated  from  the  hypochlorite.  When  the  hypo- 
chlorite solution  is  heated,  or  the  paper  moistened  with  the  solution  is 
exposed  to  the  CO.  of  the  air,  the  bleaching  is  hastened.    On  the 
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addition  of  an  acid,  however,  the  bleaching  of  the  litmus-iiaper 
immersed  in  the  solution  is  extremely  rapid. 

529.  PbA.,.  If  sohition  of  hypochlorite  is  added  in  large  quantity  to 
PbAo  solution,  it  gives  a  white  precipitate  ;  this  jirecipitate  becomes 
red  and  then  dark  brown  (PbO^)  when  the  liqiiid  is  boiled  for  a  short 
time. 

When  hypochlorite  is  heated  with  MnCU  solution,  it  also  gives  a 
dark  brown  precipitate  (MnOg). 

530.  Hydrogen  hypochlorite,  or  Hypochlorous  acid  (HCIO),  is  a 

yellow  liquid  with  sweetish  smell  ;  it  is  very  unstable,  nnless  it  is 
largely  dihited.  This  acid  bleaches  litmus,  and  evolves  CI  when  it  is 
warmed  with  HCl. 


Nitrite  (NO,).— Use  KNO,. 

531.  H^SO^,  when  it  is  warmed  with  nitrite,  causes  a 
reddish-brown  gas  with  a  characteristic  smell  to  be  evolved. 
The  coloured  gas  is  usually  best  seen  by  looking  down  the 
test-tube  at  a  white  surface. 

532.  Cold  FeSO^  solution,  when  it  is  added  to  solution  of 
nitrite,  causes  the  liquid  to  assume  a  dark  colour.  The  colour 
becomes  much  more  intense  when  cold  dilute  HoSOj  is  added. 
The  dark  coloured  substance  which  is  produced  is  a  compound 
of  NO  with  FeSO^ ;  this  compound  is  decomposed  when  the 
liquid  is  boiled,  and  reddish-brown  gas  is  evolved  (531). 

533.  Nitrous  acid  liberates  Iodine  from  Potassium 
iodide. — The  nitrous  acid  may  be  formed  by  the  addition  of 
acid  to  a  nitrite. 

Drop  a  little  starch-powder  into  some  cold  water  in  a 
porcelain  dish,  and  stir  and  boil  the  liquid  for  a  short  time : 
then  cool  the  starch  solution,  and  add  to  it  a  few.  drops  of 
KI  solution. 

Add  to  this  liquid  some  solution  of  nitrite,  and  then 
several  drops  of  HA.  An  intense  blue  colour  will  be  pro- 
duced. This  is  due  to  the  combination  of  the  starch  with 
the  iodine,  which  has  been  set  free  by  the  HNO^, 
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The  liquid  will  often  appear  black  at  first,  and  the  blue 
colour  will  then  only  become  visible  when  much  water  has 
been  added. 

This  is  a  most  delicate  test  if  the  liquid  is  quite  cold.  But 
the  presence  of  a  mtrite  is  not  proved  if  the  colour  is  pro- 
duced before  the  HA  is  added. 

534.  Hydrogen  nitrite,  or  Nitrous  acid  (HNO,),  is  extremely 
unstable,  and  decomposes  rapidly  into  HNO^,  NO,  and  H2O.  It 
therefore  evolves  reddish -brown  gas  when  its  solution  is  heated  in  the 
air  (531).  Nitrous  acid  also  colours  FeSOj  solution  (532),  and  liberates 
iodine  I'rom  KI  (533)- 


Detection  of  the  Acid-eadicles  in  Group  II. 

535.  The  Detection  of  these  Acid-radicles,  when  they 
occur  singly,  presents  no  difficulty. 

Their  detection,  when  they  occur  together,  is  often  com- 
plicated, since  most  of  the  acids,  which  are  formed  on  the 
addition  of  HCl  to  salts  containing  acid-radicles  of  this  Group, 
react  upon  one  another.  Thus  HCIO  oxidises  HNO.^j,  HgS, 
and  H2SO3  ;  and  H2SO.3  oxidises  H.,S. 

The^analyst  may  often  succeed,  by  a  skilful  use  of  the 
above  reactions,  in  detecting  these  acid-radicles  when  they 
are  mixed.  But  their  detection  in  certain  mixtures  is  a  prob- 
lem which  is  only  soluble  by  careful  consideration,  and  is  not 
unfrequently  insoluble. 

SG,  may  be  detected  by  KoCrp^  paper :  II^S  by  PbAg 
paper^:  CI  by  bleaching  moist  litmus-paper  :  nitrite  by  evolv- 
ing reddish-brown  gas.  But  CO.,  can  only  be  detected  in  the 
presence  of  much  SO^  by  passing  the  gases  through  hot 
KoCr.,0;  solution ;  the  SO2  will  be  absorbed,  and  the  CO^ 
which  passes  on  may  then  be  detected  by  lime-Avater. 
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GROUP  III.— NITRATE  GROUP. 
536-  This  Group  includes  nitrate  and  chlorate. 

Salts,  which  contain  these  acid-radicles,  resemble  one 
another  in  many  respects,  more  particularly  in  the  fact  that 
none  of  them  are  perfectly  insoluble  in  water;  hence  no 
method  of  precipitating  them  is  known. 


NiTKATE  (NO3).— Use  KNO3  and  Pb(N03),. 

537.  FeSO^  solution  gives  a  dark  brown  colour  with 
Nitric  acid.  Nitric  acid  may  be  formed  from  a  nitrate  by 
the  addition  of  HgSO^. 

Add  to  some  solution  of  nitrate,  contained  in  a  rather 
broad  test-tube,  about  an  equal  volume  of  strong  B.,S04. 
Mix  the  liquids  well,  and  then  cool  the  mixture  in  a  stream 
of  cold  water. 

Now  pour  some  strong  cold  FeSO^^  solution  in  a  gentle 
stream  down  the  inside  of  the  tube,  which  is  held  in  an 
inclined  position.  A  distinct  layer  of  the  FeSO^  solution 
should  be  formed  on  the  surface  of  the  acid  liquid.  A  dark 
coloured  film  or  ring,  which  sometimes  extends  upwards,  will 
appear  at  the  surface  of  contact  of  the  two  liquids. 

The  colour  is  most  easily  seen  when  a  piece  of  filter-paper  is  held 
between  the  tube  and  a  bright  flame  or  window,  and  when  one  looks 
through  the  tube  and  paper  at  the  light.  A  mere  yellow  colour  is  often 
produced  in  the  absence  of  a  nitrate,  and  may  be  disregarded. 

The  test  is  made  more  delicate  by  cooling  the  liquid,  since  heat 
prevents  or  removes  the  dark  colour.  For  this  purpose  the  tube  may  be 
allowed  to  stand  in  a  beaker  of  cold  water  for  a  few  minutes. 

If  much  nitric  acid  is  present,  the  dark  colour  extends  upwards  as 
soon  as  the  strong  sul])huric  acid  is  mixed  with  the  FeSOj  solution  • 
but  the  heat  which  is  evolved  by  the  dilution  of  the  strong  soon 
causes  the  NO  to  escape  and  to  form  a  reddish-brown  gas  in  the  test- 
tube  ;  the  liquid  at  the  same  time  loses  its  dark  colour  (532). 
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538.  Copper.— Drop  a  few  small  scraps  of  Cu  into  some 
nitrate'  solution,  and  add  strong  H,SO,.  Reddish-brown 
eras  will  appear  either  at  once  or  when  the  tube  is  warmed. 
If  the  colour  is  faint,  it  is  best  seen  by  looking  down  the  . 
tube  at  a  white  surface. 

The  liquid  at  the  same  time  becomes  blue  from  the  pro- 
duction in  it  of  copper  nitrate  : — 

8HNO3  +  3Cu  =  2N0  +  3Cu{N03)o  +  4.lip. 

The  NO  which  is  evolved  is  a  colourless  gas,  but  it  yields 
reddish-brown  NO^  by  oxidation  Avhen  it  mixes  with  the  air 
ill  the  upper  part  of  the  vessel  (43). 

539.  Indigo  solution,  if  it  is  poured  in  a  cold  and  dilute  condition 
into  cold  nitrate  solution,  until  the  mixture  becomes  faintly  but  de- 
cidedly blue,  retains  its  blue  colour  unchanged  when  SO,^  is  passed 
into  the  liquid  (see  Note,  545),  or  when  frcshly-viade  H0SO3  solu- 
tion is  added.  This  reaction  distinguishes  a  nitrate  from  a  chlorate. 
Compare  with  paragra[)li  545. 

540.  Ignition  converts  alkaline  nitrate  into  nitrite  :  hence 
if  any  solid  nitrate  is  heated  to  redness  with  fusion  mixture 
(Xa.,CO,j-l-K.,C(  on  platinum  foil  for  several  minutes,  a 
soluble  alkaline  nitrite  is  formed.  If  the  foil  is  allowed  to 
cool  and  is  then  boiled  in  water,  the  alkaline  nitrite  will  bo 
dissolved. 

A  portion  of  the  solution  may  be  proved  to  contain  nitrite 
hy  the  starch  test  (533)- 

Another  portion  may  be  acidified  with  IINO3,  and  will  bo 
found  to  give  no  precipitate  with  AgNOg.  Compare  with 
paragraph  547. 

541.  The  action  of  Hydrogen  also  reduces  nitric  acid  to 
nitrous  acid. 

Add  dilute  H.jSO^  to  some  nitrate  solution,  and  then  add 
some  freshly-made  starch-solution  containing  KI :  no  colour 
will  be  produced  :  but  when  a  fragment  of  Zn  is  dropped  in, 
and  hydrogen  is  evolved,  the  liquid  will  assume  a  deep  blue 
colour  (534). 

0 
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REACTIONS  OF  THE  ACID-KADICLES.  [542-546.] 


542.  Fusion  of  a  Nitrate  on  Charcoal  in  the  blowpipe- 
flame  causes  deflagration ;  that  is  to  say,  the  surface  of  the 
charcoal  burns  rapidly  with  a  slight  hissing  noise. 

543.  Ignition  of  a  Nitrate  of  a  Heavy  Metal,  in  a  glass 
tube  closed  at  one  end,  causes  the  evolution  of  a  reddish- 
brown  gas  with  a  characteristic  smell  (NO.,),  and  of  oxygen  : 
PbN,Oe  =  2NO.,-}-0  +  PbO.  The  NO,  is"  recognised  by  its 
colour  and  by  its  smell,  and  the  0  is  found  by  inflaming  a 
glowing  splinter  of  wood.  Lead  nitrate  may  be  used  in 
trying  this  experiment. 

544.  Hydrogen  nitrate,  or  Nitric  acid  (HNO3),  has  a 
strongly  acid  reaction.  It  gives  with  FeSO.,  solution  a 
brown  ring  (537),  and  with  Cu  a  reddish-brown  gas  and  a 
blue  solution  (538).  When  nitric  acid  is  evaporated  with 
quill-cliiDpings  it  stains  them  bright  yellow. 


Chlorate  (CIO.)— Use  KCIO3. 

545.  Indigo  solution,  if  it  is  added  in  a  cold  dilute  con- 
dition to  a  cold  solution  of  chlorate,  until  the  liquid  is 
coloured  faintly  but  distinctly  blue,  loses  its  colour  as  soon 
as  SO2  is  passed  into  the  liquid,  or  when  some  fresldy-made 
H2SO3  solution  is  added  and  the  mixture  is  shaken.  Com- 
pare with  paragraph  539. 

Note.— Since  the  presence  of  H0SO4  must  be  avoided  in  this  reaction, 
it  is  well  to  pass  SOj  gas  into  the  liquid  which  is  being  tested.  The 
gas  may  be  most  readily  obtained  from  a  bottle  of  liquid  SO.^. 

546.  Strong  H,SO^,  when  it  is  poured  upon  a  little  solid 
chlorate,  becomes  orange-red  in  colour,  and  when  the  Uquid 
is  shaken  it  evolves  a  bright  yelloio  gas  (CI2O4) :  

3KCIO3  +  H,SO,  =  Cl^o;  +  KCIO,  +  K2SO4  +  Hp. 

This  gas  has  a  smell  somewhat  resembHng  that  of 
chlorine.      It   undergoes  explosive  decomposition  readily 
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when  it  is  gently  heated,  and  the  acid  mixture  in  the  tube 
accordingly  crackles  and  even  detonates  when  it  is  warmed 
by  the  flame. 

Caution.— This  experiment  may  bo  dangerous,  unless  very  little 
chlorate  is  used,  and  the  mixture  is  then  heated  gently  with  the  mouth 
of  the  test-tube  turned  away  from  the  person. 

547.  Ignition  of  alkaline  chlorate  evolves  oxygen  and 
produces  chloride. 

AgXOy  solution  produces  no  precipitate  with  solution  of 
chlorate  if  chloride  is  absent. 

But  if  some  sohd  potassium  chlorate  is  heated  in  a  test- 
tube,  it  will  fuse  and  give  off  oxygen  with  effervescence  :  the 
chlorate  is  meanwhile  converted  into  chloride : — 

KC103  =  IvCl  +  03. 

The  oxygen  gas  may  be  detected  by  holding  in  the  tube  a 
slip  of  wood  with  a  spark  at  its  end ;  the  spark  will  burst 
into  a  flame. 

If  the  tube  is  then  allowed  to  cool,  and  the  residue  is 
dissolved  by  heating  it  with  water,  a  portion  of  the  solution 
will  yield  no  evidence  of  the  presence  of  a  nitrite  (533). 

Another  portion  of  the  solution  will  yield  a  white  preci- 
pitate (AgCl)  on  the  addition  of  AgNO^;  this  precipitate 
will  not  dissolve  in  HNO3  even  on  boiling,  but  will  dis- 
solve readily  in  AmHO  (552) :  it  is  therefore  produced  by 
the  chloride  which  has  been  formed  from  the  chlorate,  and 
indirectly  proves  the  presence  of  chlorate. 

A  chlorate  which  does  not  yield  a  soluble  chloride  must 
be  mixed  with  fusion-mixture  before  it  is  heated  for  this 
test. 

This  reaction  readily  distinguishes  a  chlorate  from  a 
nitrate.    Compare  with  paragraph  540. 

548.  When  a  Chlorate  is  heated  on  Charcoal  in  the 

blowpipe- flame,  it  causes  the  charcoal  to  deflagrate. 

549.  Hydrogen  chlorate,  or  Chloric  acid  (HCIO3),  is  an  odourless 
liquid,  which  first  reddens  and  then  bleaches  litmus-paper.    When  it 
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is  kejit  for  some  time,  it  changes  into  0,  CI,  HCIO4,  and  HgO.  The 
same  change  occurs  rapidly  when  the  acid  is  heated. 


Detection  op  Nitrate  and  Chlorate. 

550.  There  is  little  difificulty  in  distinguishing  idtrate 
from  chlorate. 

Nitrate  and  chlorate,  when  they  are  present  together,  more 
or  less  interfere  with  one  another's  reactions.  But  they  may 
be  detected  in  the  absence,  or  after  the  removal,  of  chloride 
and  nitrite,  by  heating  the  solid  substance  strongly  for  a 
short  time,  and  then  testing  for  nitrite  and  chloride  (54O, 

547). 

The  preliminary  removal  of  nitrite  may  be  effected  by 
boiling  the  substance  with  excess  of  acetic  acid ;  and  chloride 
may  be  removed  by  precipitation  with  AgNOg,  which  must, 
however,  not  be  added  in  excess. 


[5r.i-5r.i.] 
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GROUP  IV. -CHLORIDE  GROUP. 
551.  This  Group  includes  chloride,  bromide,  and  iodide. 

These  Acid-radicles  closely  resemble  one  another  in  many 
of  their  reactions.  They  are  precipitated  by  AgNO^  from 
their  solutions,  after  HNO.,  has  been  added  in  excess.  In 
this  respect  they  ditfer  from  all  acid-radicles  except  cyanide, 
ferrocyanide,  and  ferricyanide ;  and  these  are  easily  dis- 
tinguished by  other  means. 


Chloride  (CI).— Use  NaCl. 

552.  AgNOg,  when  it  is  added  to  the  solution  of  a  chloride, 
gives  a  pure  white  precipitate  (AgCl). 

This  precipitate  collects  into  curdy  masses  when  the  liquid 
is  heated  or  shaken :  it  rapidly  turns  violet  in  sunhght,  and 
slowly  darkens  even  in  diffused  daylight. 

Decant  the  water,  and  warm  one  portion  of  the  precipitate 
with  HNO.j :  it  will  not  dissolve.  To  another  portion  of  the 
precipitate  add  AmHO  :  it  will  readily  dissolve.  AgCl  is 
also  soluble  in  KCy  solution  and  in  Na.^SgOy  solution. 

Decant  the  liquid  and  warm  the  precipitate  with  a  little 
strong  II.,HO.i :  the  acid  will  remain  colourless,  and  no  violet 
vapour  will  be  given  off,  as  is  the  case  with  Agl  (562). 

553.  Strong  HoSO,,  when  it  is  added  to  a  solid  chloride, 
causes  colourless  HCl  to  be  given  off:  this  gas  may  be  recog- 
nised by  fuming  in  the  air,  by  reddening  moistened  blue 
litmus-paper,  and  by  making  a  drop  of  AgNOg  solution, 
acidified  with  HNO3,  milky  (505,  1-4). 

554.  MnO.,  and  H,SO,,.— Mix  together  intimately  some 
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finely-powdered  chloride  and  MnO^ :  then  add  strong  HoSO.,, 
and  warm  the  mixture  :  chlorine  gas  will  be  evolved :  - 

2NaCl  +  MnO.,  +  SH.SO^  =  2C1  +  MnS04  +  2NaHS04  + 

2H2O. 

This  gas  is  recognised  by  its  power  of  bleaching  a  piece 
of  moistened  litmus-paper,  which  is  introduced  into  the  tube 
on  a  glass  rod. 

The  most  delicate  way  of  making  the  test  is  to  mix  the 
substances  in  a  small  beaker,  and  then  cover  this  with  a 
watch-glass  which  bears  on  its  under  surface  a  piece  of  mois- 
tened litmus-paper ;  the  mixture  is  then  warmed  and  allowed 
to  stand  for  some  time,  and  the  test-paper  is  occasionally 
examined  in  order  to  see  if  its  colour  has  disappeared. 

Moist  starch  is  not  coloured  when  it  is  held  in  the  escaping 
gas  :  this  distinguishes  chloride  from  bromide,  when  they  are 
examined  by  this  test.    Compare  with  paragraph  558. 

Many  samples  of  commercial  MnO^  evolve  01  when  they  are  heated 
with  H2SO4.  Hence,  unless  the  MnOg  has  been  specially  prepared  by 
precipitation,  or  is  known  to  give  no  CI  when  it  is  heated  with  H2SO4, 
it  must  be  heated  with  H0SO4  as  long  as  any  bleaching  action  is  pro- 
duced on  moist  litmus-paper  held  in  the  tube ;  the  substance  to  be 
tested  may  then  be  added,  and  CI  may  be  again  tested  for  while  the 
mixture  is  being  heated. 

555.  Formation  of  CrO.Clo  by  the  action  of  H.,SO^  and 
Chromate. — An  intimate  mixture  is  made  of  a  solid  chloride 
with  three  or  four  times  as  much  K2Cr.,0-,  by  rubbing  the 
two  substances  together  to  a  fine  powder  in  a  mortar.  This 
mixture  is  stirred  with  strong  H^SO^,  and  is  then  heated  in 
the  tube  or  flask  represented  in  figure  73  (505),  or  in  a 
Clarke's  retort  (fig.  74).  Reddish-brown  vapour  (CrOgCl.,) 
will  be  evolved : — 

4NaCl  +  KaCr.Oy  +  6H.,S0,  =  2CrOoCl,  +  4NaHS0,  + 
2KHS04-l-3H,0. 

If  the  vapour  escaping  from  the  delivery-tube  is  passed 
into  some  water  contained  in  a  test-tube,  or  in  the  bend  of 
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the  condenser  of  Clarke's  apparatus  (fig.  74),  the  water  will 
become  reddish-yellow  in  colour,  owing  to  the  formation  of 
H,CrO, :-  ^^^^^^  ^  ^^^^^  ^  ^^^^^  ^  .^^^^^ 

When  excess  of  AmllO  is  added  to  the  reddish-yellow  liquid, 
the  colour  will  change  to  pale  yellow,  since  Ara.CrO^  - 
formed.    When  excess  of  ^^^^ 
HA  is  added,  the  original 
reddish-yellow  colour  will 
be   reproduced ;   and  the 
presence  in  this  liquid  of 
I[.,CrO^,  and  therefore  of 
chloride   in   the   original  Clark ic's  Ri-yroiiT. 

substance,  may  be  proved  ^  ^  x  n 

by  the  formation  of  a  yellow  precipitate  (PbCrO,)  on  the 

addition  of  PbA.^  solution. 

Caution.-The  detection  of  a  chloride  by  this  method  depends  on  the 
for.uation  of  lI„CiO,  by  the  action  of  the  water  in  the  tube  on  the 
vaponr  of  CrO,c\.  Great  care  must  therefore  be  taken  that  none  of 
the  mixture  containing  chromate  or  chromic  acid  is  allowed  to  pass  mto 
the  delivery-tube  and  thence  into  the  water  :  since  if  this  occurred 
chromic  acid  would  be  found  even  when  no  chloride  was  present. 

Care  must  also  be  taken  that  the  water  is  not  sucked  back  into  the 
hot  strong  If„S04  when  the  apparatus  shown  in  fig.  73  is  used.  ilus 
is  prevented  by  raising  the  delivery-tube  out  of  the  water  as  soon  as 
tlie  heating  is  stopped. 

«6  Hydrogen  chloride,  or  Hydrochloric  acid  (HCl),  is  a  colour- 
less gas,  which  fumes  in  the  air,  and  dissolves  very  readily  in  water. 
15oth  the  gas  and  its  solution  render  AgNO,  solution,  which  has  been 
acidified  witli  UNO;,,  milky.  The  solution  of  the  acid  evolves  ciilonne 
tfas  when  it  is  heated  with  M11O.2. 


Bromide  (Br).— Use  NaBr. 

557.  AgNO.5,  when  it  is  added  to  solution  of  a  bromide, 
gives  a  ijellowish-ivhite  precipitate  (AgBr). 
"  This  precipitate  is  easily  coagulated,  when  the  liquid  con- 
taining it  is  heated  or  shaken;  it  is  insoluble  in  HNOa, 
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easily  soluble  in  KCy  solution  and  in  Na.S.Og  solution,  and 
slightly  soluble  in  AmHO.  It  resembles  ^the  precipitate  of 
AgCl  in  these  respects ;  but  it  is  distinguished  from  AgCl  by 
its  yellowish  colour,  and  its  slight  solubility  in  Am(  )H. 

If  the  liquid  is  decanted  and  the  precipitate  is  heated  with 
strong  HgSO^,  no  violet  vapour  will  be  evolved,  as  is  the  case 
with  Agl  (562). 

558.  Strong  K^O^,  if  it  is  heated  with  a  bromide,  causes 
the  evolution  of  pungent  acid  fumes  (HBr),  which  are 
accompanied  and  coloured  by  reddish-hrown  vapour  of  Br. 
This  vapour  somewhat  resembles  CI  in  smell,  and  it  bleaches 
litmus,  but  it  differs  from  CI  in  colour. 

The  bromine  vapour  may  also  be  recognised  by  its  power 
of  staining  cold  moist  starch  orange-red.  The  starch-powder 
may  be  taken  up  on  the  wetted  end  of  a  glass  rod,  and 
then  moistened  by  breathing  upon  it  several  times. 

If  MnOo  is  mixed  with  the  bromide  before  H^,SO^  is  added, 
Br  is  evolved  in  greater  quantity  (554). 

559.  Clilorine-water,  or  solution  of  bleaching  powder  which 
has  been  acidified  with  HCl,  if  it  is  added  carefully  drop  by 
drop  to  solution  of  a  bromide,  liberates  Br,  and  this  colours 
the  solution  orange-red. 

The  addition  of  CI  in  excess  must  be  carefully  avoided,  since  CI  com- 
bines with  Br  and  destroys  its  colour. 

Warm  a  part  of  the  coloured  solution ;  reddish-brown  Br 
vapour  will  be  given  off,  and  will  stain  cold  moist  starch 
orange-red  (558). 

Add  carbon  bisulphide  (CSg)  to  another  portion  of  the 
coloured  solution,  and  mix  the  liquids  well  by  shaking  them  • 
the  Br  will  be  dissolved  away  from  the  water  by  the  CS.,. 
If  the  liquid  is  allowed  to  stand  at  rest  for  a  short  time, 
the  reddish-brown  solution  will  sink  beneath  the  colourless 
water. 

If  a  little  KHO  solution  is  now  added  and  the  liquids  are  shaken  up 
together,  the  colour  of  the  Br  will  disappear  from  the  CS2 ;  this  is 
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due  to  the  fonuatioTi  of  the  colourless  salts  KBr  and  KBrO,,  which 
remain  in  solution  in  the  water : — 

6Br  +  6KH0  =  5KBr  +  KBrO,  +  3HoO. 

560.  Evolution  of  Bromine  on  addition  of  H^SO^  and 
Chromate.— If  an  intimate  mixture  of  a  solid  bromide  and 
K.,Cr.,07  is  heated  with  strong  H._,SO^  in  the  apparatus 
described  in  paragraph  555,  reddish-brown  bromine  vapour 
will  be  evolved  : — 

GNaBr  +  K.Cr^O^  +  11H.,S0,  =  3Br.,  +  Cv,{SO,),  +  GNaHSO^ 

+  2E:HS0^  +  7H20. 

The  Br  vapour  may  be  passed  into  water,  and  it  will  colour 
the  liquid  reddish-brown. 

If  CS.,  is  then  shaken  up  with  part  of  this  brown  solution, 
it  will  dissolve  away  the  Br  and  will  settle  beneath  the 
colourless  water  as  a  brown  layer. 

If  another  part  of  the  brown  aqueous  solution  of  Br  is 
shaken  with  AmllO  or  KHO,  the  colour  of  the  solution  will 
be  destroyed. 

These  reactions  serve  to  detect  a  chloride  in  the  presence 
of  a  bromide.    Compare  with  paragraph  555. 

561.  Hydrogen  bromide,  or  Hydrobromic  acid  (HBr),  is  a  colour- 
less, soluble  gas,  whicli  fumes  in  the  air,  and  closely  resembles  HCl. 
Its  solution  differs  from  that  of  HCl  by  evolving  coloured  Br  vapour 
when  it  is  heated  with  MnOg. 


Iodide  (I).— Use  KI. 

562.  AgNOg,  when  it  is  added  to  solution  of  an  iodide 
gives  a  i/ellow  precipitate  (Agl). 

This  precipitate  is  easily  coagulated  when  the  liquid  con- 
taining it  is  heated  or  shaken  :  it  is  insoluble  in  HNO.,,  very 
slightly  soluble  in  AmllO,  but  easily  soluble  in  KCy  solution 
and  in  Na^S.^Og  solution. 

The  precipitate  of  Agl  differs  from  the  precipitates  of 
AgCl  and  Agl>r  by  its  colour  and  by  its  very  slight  solubility 
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in  AmHO  ;  but  it  is  distinguished  with  greater  certainty  by 
its  behaviour  when  it  is  heated  with  strong  H.,S04. 

If  the  liquid  is  decanted  from  the  precipitate,  and  the 
precipitate  is  then  heated  with  strong  H^SO^,  the  acid  will 
be  coloured  red,  and  violet  vapour  of  iodine  will  be  seen  on 
looking  down  the  tube.  The  coloured  vapour  is  most  dis- 
tinctly seen  after  the  tube  has  been  allowed  to  cool  for  a 
short  time. 

If  a  mere  trace  of  iodine  vapour  is  evolved,  it  may  be 
detected  by  holding  in  the  tube  a  glass  rod  which  has  been 
dipped  into  freshly-made  starch  solution ;  the  starch  will  bo 
coloured  blue. 

Tlie  starch  solution  is  made  by  stirring  a  little  starch  powder  with 
some  water  in  a  small  porcelain  dish,  then  boiling  for  a  few  seconds, 
and  cooling  the  solution. 

563.  CuSO^  solution  produces  a  white  precipitate  (Cu.J,) 
in  solution  of  iodide,  and  causes  the  separation  of  iodine, 
which  colours  the  liquid  brown  : — 

4KI  +  2CuS0^  =  Cu     -f  2K,S0,  + 1,, . 

If  the  copper  sulphate  solution  has  been  mixed  with  solu- 
tion of  II2SO,  or  of  FeSO^  before  it  is  added  to  the  iodide, 
the  precipitate  and  liquid  are  not  discoloured  by  free  iodine  : — 

2CuS0,  +  4KI  +  H2SO3  +  H.,0  =  Cu.,I,  +  2K.,S04  +  H..SO, 

-^2HI. 

The  formation  of  the  precipitate  is  accelerated  by  warming 
the  liquid. 

Separate  this  precipitate  from  the  liquid  by  decantation 
or  by  filtration,  and  warm  it  with  strong  H,,SO^ ;  the  acid 
will  become  red,  and  violet  iodine  vapour  will  be  evolved. 

Solution  of  chloride  or  of  bromide  is  not  precipitated  on 
the  addition  of  CuSO^  solution. 

564.  Strong  H2SO4,  if  it  is  warmed  with  a  solid  iodide, 
causes  the  evolution  of  acid  fumes  (HI),  accompanied  by 
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violet  iodine  vapour.  If  the  iodine  vapour  is  large  in  quari- 
tity,  it  will  condense  on  the  inside  of  the  tube  as  a  black 

solid.  . 

The  iodine  vapour  colours  starch  solution  bhie.  ihis  may 
be  proved  by  holding  in  the  vapour  a  glass  rod,  or  a  strip  of 
paper,  which  has  been  moistened  with  freshly-made  starch  solu- 
tion •  or  by  pouring  out  the  heavy  iodine  vapour  into  a  white 
porcelain  dish,  the  inside  of  which  has  been  wetted  with  the 

starch  solution. 

Iodine  is  evolved  in  larger  quantity,  if  MnO.,  has  been 
mixed  with  the  iodide  before  it  is  warmed  with  H.^SO^  (554). 

565  Chlorine  water,  or  solution  of  bleaching-powder 
which'has  been  acidified  with  HCl,  if  it  is  added  carefully 
drop  by  drop  to  solution  of  an  iodide,  sets  iodine  free.  The 
iodine  dissolves  in  the  water,  colouring  it  brown  :  some  of 
the  iodine  may  also  separate  as  a  black  powder. 

The  addition  of  CI  in  excess  must  be  carefully  avoided,  as 
it  would  form  colourless  iodine  chloride,  which  does  not  give 
the  following  reactions. 

Divide  the  brown  liquid  into  three  parts  in  three  test- 
tubes. 

1.  Heat  one  part ;  violet  iodine  vapour  will  be  given  off, 
and  will  be  seen  on  looking  down  the  tube  at  a  white  surface. 
The  colour  is  most  distinctly  seen  if  some  strong  HgSO,,  is 
added  to  the  hquid  before  it  is  heated.  If  a  glass  rod  is 
dipped  into  starch  solution  and  is  then  held  in  the  iodine 
vapour,  the  starch  will  become  blue. 

■2.  To  another  portion  of  the  brown  solution  add  starch 
solution;  an  intense  blue  colour  will  be  produced.  The 
colour  often  appears  black,  unless  much  starch  solution  is 
added  and  the  liquid  is  largely  diluted.  When  the  solution 
is  heated  it  becomes  colourless,  but  it  often  regains  its  colour 
on  being  cooled  :  the  solution  must  be  diluted,  and  the  starch 
must  be^'added  in  excess,  in  order  to  insure  the  removal  of 
the  colour  by  heat. 

3.  To  the  third  portion  of  the  brown  solution  add  a  drop 
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of  CS^,  and  shake  well ;  the  CSg  will  dissolve  the  iodine,  and 
this  solution  will  gradually  settle  down  as  a  beautiful  violet 
layer  beneath  the  water,  when  the  liquids  are  allowed  to 
stand  at  rest. 

Pour  in  a  little  KHO  solution,  and  shake  the  liquids  together  ;  the 
violet  coloiu- of  the  CSo  will  disappear,  owing  to  the  formation  of  the 
colourless  salts  KI  and  KIO;,. 

566.  Nitrous  acid  (HNO,).— If  a  little  KNO2  is  dissolved 
in  solution  of  an  iodide  and  a  dilute  acid  is  added,  HNOg  is 
produced  and  liberates  the  iodine. 

A  solution  of  ^.,0^  in  dilute  H._,SO,,  also  sets  free  iodine 
from  an  iodide  (ll52). 

The  iodine  thus  liberated  may  be  identified  by  the  three 
methods  which  are  described  in  paragraph  565 ;  of  these  the 
starch  test  and  the  CSg  test  are  the  most  delicate. 

When  the  two  reagents,  mentioned  above,  are  used  for 
liberating  iodine  from  an  iodide,  they  present  the  advantage 
over  CI,  that  they  do  not  hinder  the  detection  of  the  iodine, 
even  when  they  have  been  added  in  excess.  They  also  present 
the  advantage  that  they  do  not  liberate  Br  from  a  bromide. 

567.  HgCL,  solution  gives  with  solution  of  an  iodide  a  scarlet  preci- 
pitate (Hglg),  which  is  easiljf  soluble  in  excess  of  solution  of  HgClg  or 
of  soluble  iodide.  With  a  solution  of  bromide  or  chloride,  HgClg 
gives  no  precipitate. 

568.  PbA2  solution  gives  with  solution  of  iodide  a  bright  yellov) 
precipitate  (Pbl.,)  :  if  tliis  precipitate  is  dissolved  in  the  least  possible 
quantity  of  boiling  water,  it  separates  again  in  the  form  of  beautiful 
golden  yellow  crystals  when  the  liquid  is  cooled. 

With  solution  of  bromide  or  chloride,  PbAg  solution  gives  a  white 
precipitate. 

569.  Hydrogen  iodide,  or  Hydriodic  acid  (HI),  is  a  colourless, 
fuming,  soluble  gas,  resembling  HCl  and  HBr.  Its  solution  differs 
from  solution  of  HOI  or  of  HP>r  by  evolving  iodine  when  it  is  heated 
with  MnOa- 
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Detection  op  Chloride,  Bromide,  or  Iodide,  when  it 

occurs  alone. 

570.  Chloride,  Bromide,  or  Iodide  is  easily  detected  l)y 
the  foregoing  tests.  The  reactions  given  in  ])aragrap]is 
554)  555  perhaps  the  most  characteristic  tests  for  a 
chloride ;  and  the  tests  described  in  paragraphs  558,  559, 
560  distinguish  a  bromide ;  an  iodide  is  detected  with  the 
greatest  ease  and  certainty  by  the  reaction  described  in  566. 

The  colour  of  the  precipitate  which  has  been  produced  by 
ailding  AgXO^  to  the  solution  made  acid  with  HISTOg,  and 
the  behaviour  of  this  precipitate  with  AmHO,  are  less  trust- 
worthy indications  than  the  above  tests;  but  they  often 
serve  to  demonstrate  which  of  these  acid-radicles  is  present. 
AgCl  is  pure  'white  and  is  very  easily  soluble  in  AmllO ; 
Agl'.r  is  pale  yelloto  and  is  not  readily  soluble  in  AmHO ; 
while  Agl  is  primrose-yelloio  and  is  almost  insoluble  in 
AmHO. 

The  action  of  hot  strong  H^SO^  on  the  precipitate  of  Agl, 
which  is  described  in  paragraph  562,  is  also  distinctive  of 
iodide. 


Detection  of  Chloride,  Bromide,  and  Iodidis,  when 

THEY  occur  TOGliTIII::!}. 

The  detection  of  these  acid-radicles,  wlien  they  occur 
together  in  solution,  may  be  effected  by  either  of  the  methods 
which  are  described  in  paragraphs  572?  573-  "^^^^  method 
in  par.  572  will  be  found  to  be  the  more  rai)id  in  practice. 

If  chloride  is  known  to  be  absent,  bromide  and  iodide  may 
be  tested  for  by  the  method  described  in  paragraph  574. 

Insoluble  salts  must  be  treated  as  is  directed  in  paragraph 
571,*  before  they  can  be  examined  by  the  following 
methods. 

571.*  Insoluble  Compounds  must  ho  dccoiuposed  by  means  of 
N.I0CO;,,  in  order  to  obtain  the  chloride,  bromide,  and  iodide  in  .sohi- 
tioii. 
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Boiling  with  NaaCOs  solutiou  will  effect  this  change  in  the  case  of 
some  substances,  but  heating  the  finely-powdered  substance  with  three 
times  its  weight  of  fusion  mixture  (]Sra..,CO..,+ K2CO3)  on  platinum 
foil  or  in  a  platinum  capsule  is  a  more  certain  and  general  method. 

The  carbonates  are  fused  for  about  ten  minutes  ;  the  mass  is 
allowed  to  cool,  and  is  then  boiled  witli  water  and  filtered,  and 
the  filtrate  is  examined  by  one  of  the  following  methods  (572,  573, 

574)-  ,  ,  ^ 

This  treatment  with  fused  alkaline  carbonates  may  be  employed 

for  rendering  the  precijiitate  which  has  been  produced  by  AgNQ.;  (552, 
557)  562)  suitable  for  the  following  examination. 


572.*  First  Method. — The  most  convenient  method  of 
examining  for  the  presence  of  chloride,  bromide,  and  iodide, 
when  they  may  be  present  together  in  an  aqueous  solution, 
consists  in  testing  for  bromide  and  iodide  in  one  part  of  the 
liquid  by  the  chlorine  test  (559,  565) ;  then  driving  off  bro- 
mine and  iodine,  if  they  are  present,  from  another  part  of 
the  liquid  by  means  of  acidified  K^Mn^Og  solution,  and  test- 
ing for  chloride  by  means  of  AgNOg  (552). 

The  aqueous  solution  of  the  substance  is  referred  to  below  as  the 
"  original  solution."  If  the  substance  to  be  tested  is  insoluble  in 
water,  it  must  be  treated  with  Na-^CO^  as  is  directed  in  paragraph  571* 
in  order  to  obtain  the  acid-radicles  in  solutiou. 

To  a  portion  of  the  solution,  containing  the  mixture  to  be 
tested,  add  a  few  drops  of  CSo :  then  add  to  it  cautiously, 
drop  by  drop,  either  chlorine-water  or  acidified  solution  of 
bleaching-powder,  and  shake  the  liquid  after  each  addition. 

If  the  CS.,  does  not  become  Coloured,  bromide  and  iodide 
are  absent :  chloride  may  then  be  tested  for,  by  adding  to 
another  part  of  the  original  solution  HNO3  in  excess  and 
AgNOg  (552). 

If  the  GS^  becomes  Coloured,  note  the  colour  which  first 
appears.  If  the  CS^  becomes  brown  at  once,  bromide  is 
present  and  iodide  is  absent :  if  the  CS^  is  coloured  violet, 
iodide  is  present,  and  the  cautious  addition  of  the  chlorine 
solution  must  be  continued  with  shaking ;  if  the  CS^  turns 
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brovm,  the  presence  of  bromide  is  proved  :  if  no  brown 
colour  appears,  bromide  is  absent. 

Proceed  to  test  for  chloride  as  is  directed  below. 

Remove  bromine  and  iodine  from  another  portion  of  the 
original  solution  by  acidifying  with  dilute  H.,SO.„  adding  a 
little  potassium  permanganate  solution,  and  boiling  the  solu- 
tion in  a  porcelain  dish  until  the  brown  colour  of  the  liquid 
disappears.  Then  add  more  permanganate  solution  cau- 
tiously and  boil  the  liquid,  and  continue  these  processes  until 
the  addition  of  permanganate  no  longer  produces  any  brown 
colour,  and  the  liquid  retains  a  pale  pink  colour  for  a  few 
seconds  :  this  proves  that  all  bromide  and  iodide  have  been 
removed. 

Now  add  AgNOg :  the  formation  of  a  white  precipitate 
will  prove  the  presence  of  chloride. 

573.*  Second  Method.— The  metliod  of  examuiatioii  is  varied 
according  as  iodide  is  present  or  absent.  Since  cldoride  cannot  be 
detected  in  the  presence  of  iodide,  the  iodide  must  be  separated 
before  proceeding  to  examine  for  the  chloride. 

To  a  small  portion  of  the  original  Solution,  wliich  lias  been  made 
just  acid  by  tiio  addition  of  dihite  H,S04,  add  a  little  cold  freshly- 
prepared  starch  solution.  Then  add,  drop  by  drop,  either  strong 
HNO,,  or  solution  of  nitrous  acid  (566).  Tiie  ai)i)oarance  of  a  dark 
blue  coloration  will  show  the  Presence  of  Iodide. 

Exannne  the  remainder  of  the  original  solution  for  chloride  and 
bromide,  according  to  the  directions  given  under  («)  or  (6),  the  selection 
of  the  method  depending  upon  whether  iodide  has  been  found  or  not. 

{<(■).  Iodide  is  Present.— Add  to  the  solution  a  mixture  of  CuSO 
solution  with  half  its  measure  of  strong  H^SO.,  solution,  and  wann 
gently  for  a  short  time  ;  CaJ^  will  be  precipitated  (563). 

In  order  to  ascertain  whether  the  iodide  has  been  entirely  ]>recipi. 
tated,  fdter  a  small  quantity  of  the  liquid  and  warm  it  with  a  little 
more  of  the  above  reagent.  If  any  further  precipitate  is  produced 
return  the  filtered  portion  to  the  unfiltered  liquid.  Then  add  more  of 
the  reagent  to  the  whole  of  the  li.piid,  warm  it  again  for  a  time 
and  test  it  again,  in  order  to  see  if  the  removal  of  iodide  is  complete 
Repeat  these  trials  until  a  small  portion  of  the  fdtrate  gives  no  furtlier 
precipitate,  when  it  is  warmed  with  more  of  the  reagent. 

Then  fUter  the  liquid  until  it  is  j.erfectly  clear,  add  *KHO  in  excess 
to  the  filtrate,  and  boil  the  liquid.    Filter  off  the  precipitate  thus 
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produced  ;  and  test  the  filtrate,  which  is  now  free  from  iodide,  for 
bromide  and  chloride  as  is  directed  below  {b). 

(b).  Iodide  is  Absent. — Make  the  solution  alkaline,  if  it  is  not 
already  so,  by  the  addition  of  pure  KHO  ;  and  evaporate  it  to  dry- 
ness in  a  porcelain  dish.  Scrape  the  residue  oft'  the  sides  of  the  dish, 
and  mix  it  with  three  or  four  times  as  much  powdered  K^Cv^O^,  by 
rubbing  the  two  substances  together  in  the  dish  witli  a  pestle  (555). 

Transfer  this  mixture  to  the  tube  or  llask  shown  in  figure  73  (505), 
or  to  a  Clarke's  retort  (fig.  74,  555),  taking  the  greatest  care  to  let 
none  of  the  powder  remain  in  the  neck  or  in  the  delivery-tube. 

Then  pour  in  sufficient  strong  H2SO4  to  cover  the  powder  to  the 
depth  of  about  a  quarter  of  an  inch,  and  dip  the  end  of  the  delivery- 
tube  into  water  contained  in  a  test-tube  or  receiver.  Mix  the  acid 
and  powder  by  cautious  shaking,  and  warm  the  mixture  gently  ;  care- 
fully guarding  against  any  of  the  mixture  passing  over  into  the  water 
in  the  test-tube  or  receiver. 

As  soon  as  no  more  reddish-brown  vapour  is  visible  in  the  delivery- 
tube,  discontinue  the  heating,  and  immediately  withdraw  the  tube 
containing  the  water. 

If  no  coloured  vapour  has  been  evolved  and  the  water  in  the  tube 
is  colourless,  chloride  and  bromide  are  absent. 

If  the  water  is  coloured,  pour  into  it  sufficient  CSg  to  form  a  layer 
about  half  an  inch  in  depth  at  the  bottom  of  the  test-tube.  Close  the 
mouth  of  the  tube  with  the  thumb,  shake  the  tube  vigorously,  and 
then  allow  it  to  stand  at  rest.  If  the  CS.2,  as  it  settles  down,  shows  a 
brown  colour,  the  Presence  of  Br,  derived  from  Bromide,  is  shown. 

Separate  the  water  from  the  CS.,  by  pouring  it  tlirough  a  wet  filter  ; 
add  to  the  filtrate  AmHO  in  excess,  then  HA  in  excess,  and  then 
PbAa  solution.  The  formation  of  a  yellow  precipitate  indicates  the 
presence  of  a  chromate,  and  this  proves  indirectly  that  Chloride  was 
present  (555)      ^^^^  original  substance. 

574.*  Iodide  and  Bromide  may  be  tested  for  in  the  solution  as  follows. 

Pour  sufficient  CSg  into  the  liquid  to  form  a  large  drop  at  the 
bottom.  Then  add,  dro])  by  drop,  either  dilute  chlorine  water  or 
acidified  solution  of  bleaching-powder,  shaking  thoroughly  after  each 
addition. 

Iodine  will  be  liberated,  if  iodide  is  present,  and  will  colour  the 
CS2  purple. 

Bromide  may  then  be  detected  by  continuing  the  addition  of  CI 
solution  very  cautiously  :  the  violet  colour  will  disappear,  and  the 
appearance  of  a  brown  coloration  in  the  CSg  will  indicate  the  presence 
of  bromide  :  the  brown  colour  may  also  be  destroyed  by  the  further 
addition  of  chlorine  solution. 


[575-578.] 
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GROUP  V.-PPIOSPHATE  GROUP. 
575,  Tliis  Group  includes  phosphate  and  arsenate. 

Phosphate  and  Arsenate  resemble  one  another  closely  in 
many  of  their  reactions.  They  present  points  of  difference, 
however,  which  render  their  distiuction  possible. 


Phosphate  (PO,).— Use  NaJIP0^.12PI,0. 

576.  MgSO ,  solution,  to  which  some  AmCl  has  been  added 
and  then  a  little  AmllO,  gives  with  solution  of  a  phosphate  a 
white  crystalline  precipitate  (MgAmP0^.6H.,0). 

This  precipitate  is  almost  insoluble  in  AmHO,  but  is  easily 
soluble  in  acids.  If  very  little  phosphate  is  present,  the 
precipitate  often  appears  only  when  the  liquid  has  been 
gently  warmed,  then  well  stirred  or  shaken,  and  then 
allowed  to  stand  for  some  time. 

577.  Fe^,Cl^  solution,  if  it  is  dropped  into  phosphate 
solution,  to  which  a  little  HA  and  NaA  solution  have  been 
previously  added,  gives  a  yellowish- white  precipitate  (FePO.,). 

578.  Ammonium  molybdate  (AmHMoO^).— When  a  drop 
of  phosphate  solution  is  added  to  a  solution  of  AmHMoO,j 
in  HNO3,  it  gives  a  yellow  precipitate. 

The  formation  of  this  precipitate  is  hastened  by  gently 
warming,  and  stirring  or  shaking,  the  liquid ;  but  the  preci- 
pitate appears  only  after  a  time  in  very  dilute  solution  of 
a  phosphate. 

A  part  of  the  precipitate  usually  adheres  firmly  to  the 
inside  of  the  tube;  this  may  be  removed  by  solution  of 
KHO,  NalLO,  or  AmHO,  in  which  it  is  readily  soluble. 
The  precipitate  is  only  slightly  soluble  in  inorganic  acids, 
and  is  practically  insoluble  in  H^'Og. 

P 
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Precautions. — This  is  a  most  delicate  test  if  it  is  properly  performed. 
It  serves  to  detect  the  presence  of  mere  traces  of  phosphate,  when 
careful  attention  is  paid  to  the  following  precautions. 

The  AmHiMo04  solution  must  be  prepared  according  to  the  directions 
given  in  paragraph  1 162,  Remark  40. 

The  solution  to  be  tested  must  not  be  alkaline  to  test-]iaper.  It 
should  be  made  distinctly  acid  by  addition  of  HNOy,  and  then 
added  in  small  quantity  only  to  some  of  the  AmHMoOj  solution  in  a 
test-tube.  More  of  the  solution  must  only  be  added,  if  no  yellow 
precipitate  forms  after  the  liquid  has  been  gently  warmed  and 
stirred. 

This,  last  precaution  is  extremely  important ;  since  the  jiresence  of 
an  excess  of  phosphate  altogether  prevents  the  formation  of  the  preci- 
pitate. 

Show  that  this  is  the  case,  by  pouring  a  few  drops  of  AmHMoO^ 
solution  into  some  NagHl^O^  solution  which  has  been  acidified  witli 
HNO3.  No  precipitate  will  form  even  when  the  liquid  is  heated  and 
shaken,  since  the  phosphate  is  present  in  large  quantity  as  compared 
with  the  AmHMoOj.  If  a  few  drops  of  this  liquid  mixture,  however, 
are  now  added  to  some  fresh  AmHMoOj  solution,  the  precipitate  will 
appear. 

It  must  also  be  remembered  that  the  presence  of  much  HCl  retards  or 
prevents  the  formation  of  this  precipitate.  A  solution  of  the  substance 
acidified  with  nitric  acid  alone,  should  therefore  be  used  if  possible. 

579.  AgNOg :  yellow  precipitate  (Ag3P04)  :  pour  off  a 
portion  of  the  liquid  with  the  precipitate  and  show  that 
the  precipitate  is  soluble  in  AmHO  and  in  HNO3. 

580.  Ignition  with  Mg  or  Na. — A  very  delicate  test  for  the  presence 
of  P,  occurring  in  the  form  of  phosphate  or  otlierwise,  consists  in 
strongly  heating  the  dry  solid  substance  with  Mg  powder,  or  with  a 
small  piece  of  Na,  in  a  little  tube  of  liard  glass  closed  at  one  end. 
When  the  cool  tube  is  broken  and  the  powdered  substance  is  breathed 
upon,  a  smell  of  onions  will  be  perceived  ;  this  is  due  to  the  production 
and  escape  of  PH.,  which  has  been  formed  by  tlie  action  of  the  moisture 
of  the  breath  upon  the  metallic  phosphide. 

581.  Flame  Goloration. — If  a  phosphate  is  made  into  a  paste  with 
strong  H2SO4  and  the  mixture  is  then  heated  strongly  at  the  tip  of  the 
inner  blowpipe-flame,  it  gives  a  bluish-green  colour  to  the  flame. 

582.  Blowpipe-test.— Many  phosphates,  when  they  are  moistened 
with  Co(N03).2  solution,  and  are  then  heated  in  the  outer  blowpipe- 
flame,  become  blw. 


[583-585.] 


GROUP  V. — AKSENATE. 
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583,  Hydrogen  phosphate,  or  Phosphoric  acid  (H3PO4),  is  a  colour- 
less crystalline  substance.  Its  solution  is  strongly  acid,  and  differs 
from  H.JSO4  by  not  charring  paper  which  has  been  dipped  into  it  and 
then  dried  by  heat.  The  presence  of  H3PO4  may  be  detected  by 
reactions  576,  578. 


Arsenate  (AsOJ. — Use  Na^HAs0^.121IoO  solution. 

584.  The  precipitates  formed  in  reactions  576-578  by 
a  phosphate,  are  precisely  similar  in  appearance  and  general 
properties  to  those  formed  when  the  same  reagents  are  added 
to  solution  of  an  arsenate.  But  AmliMoO^  gives  a  precipitate 
with  an  arsenate  only  when  the  W/uid  is  boiled,  and  not  when 
it  is  (jently  heated,  as  in  the  case  of  a  phosphate. 

Moreover,  the  precipitate  which  AgNOg  gives  with  an 
arsenate  is  brown,  while  that  given  by  a  phosphate  is  yellow 
(579)- 


ETECTION  AND  SEPARATION  OP  ARSENATE 

AND  Phosphate. 

585.  The  following  Differences  serve  to  detect  and 
separate  phosphate  and  arsenate : — 

1.  The  fact  that  an  arsenate  yields  a  precipitate  with 
AmlBroO^  only  when  the  liquid  is  boiled;  whereas  the 
corresponding  precipitate  is  produced  by  a  phospliate  when 
the  liquid  is  only  gently  heated. 

2.  Arsenate  solution,  which  has  been  boiled  with  strong 
HCl,  gives,  when  HgS  is  passed  into  tlie  hot  liquid,  lirst  a 
white  precipitate  of  S  and  then  yellow  As.^S^;  phosphate 
solution  under  the  same  circumstances  gives  no  precipi- 
tate. 

3.  In  perfectly  neutral  arsenate  solution  AgNOg  gives  a 
brown  precipitate;  with  phosphate  it  gives  a  canary-yellow 
precipitate. 
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Detection  op  Phosphate  or  Arsenate. 

586.  The  Simplest  Method  of  ascertaining  which  of 
these  two  Acid-radicles  is  present  is  to  throw  the  pre- 
cipitate, which  has  heen  produced  by  the  addition  of  AmCl, 
AmHO,  and  MgSO^  (576),  upon  a  filter  ;  then  wash  it  with 
a  little  cold  water,  and  drop  AgNOg  solution  upon  it.  If  the 
precipitate  consists  of  MgAmAsO^,  it  will  become  hrow7i ;  if  it 
is  MgAmPO^,  it  will  become  canary-yelloio. 

The  precipitate,  which  has  been  produced  by  the  addition 
of  AmCl,  AmHO,  and  MgSO^,  may  also  be  examined  for 
arsenate  by  dissolving  a  part  of  it  in  dilute  HNO3,  adding 
AgN03  solution  as  long  as  it  causes  any  white  precipitate, 
and  then  adding  very  dilute  AmHO  gradually  drop  by 
drop. 

If  arsenate  is  present,  a  brown  precipitate  will  form  just 
before  the  liquid  becomes  alkaline  to  test-paper  :  a  phosphate 
will  give  a  yelloio  precipitate. 

Instead  of  mixing  the  dilute  AmHO  with  the  acid  Hquid, 
the  AmHO  may  be  gently  poured  in  upon  the  top  of  liquid  : 
the  colour  will  then  appear  at  the  surface  of  contact  of  the 
ammonia  solution  with  the  acid  liquid. 


Detection  of  Arsenate,  Phosphate,  and  Arsenitb, 

WHEN  they  are  PRESENT  TOGETHER. 

587.*  A  clear  mixture  of  solutions  of  MgSO^,  AmCl,  and 
AmHO  is  added  as  long  as  it  causes  any  further  precipitate  : 
the  liquid  is  filtered  and  the  filtrate  is  preserved. 

A  small  portion  of  the  precipitate  is  then  tested  at  once 
for  arsenate  by  dropping  AgNOg  solution  upon  it.  If  the 
precipitate  turns  yellow,  Pliospliate  is  present,  and  Arsenate 
is  absent.  If  the  precipitate  turns  brown,  Arsenate  is  present, 
and  Phosphate  may  also  be  present. 
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The  arsenate  must  be  separated  from  the  other  part  of  the 
precipitate  before  phosphate  can  be  tested  for. 

The  rest  of  the  precipitate  is  accordingly  dissolved  in  a 
little  boiling  strong  HCl,  and  HgS  is  passed  for  several 
minutes  into  this  hot  solution ;  tlie  presence  of  an  arsenate 
will  be  confirmed  by  the  precipitation  of  white  S  and  yellow 
As,S3  (313). 

This  precipitate  is  filtered  off  and  H.^S  is  again  passed 
into  the  boiling  filtrate.  If  any  further  precipitate  is  pro- 
duced, the  gas  must  be  further  passed  until  it  no  longer 
causes  a  precipitate  in  the  boiling  liquid. 

The  precipitation  by  H.,S  is  rendered  complete  without  delay,  if  the 
original  solution  in  HCl  is  first  treated  with  H.^SO;..  See  paragraph  313. 

The  clear  filtrate  is  then  evaporated  just  to  dryness,  the 
residue  is  dissolved  in  a  little  dilute  HNO3,  and  this  solu- 
tion is  tested  for  phosphate  by  adding  a  few  drops  of  it  to 
AmllMoO^  solution  and  gently  warming  the  liquid  (57^)- 

Arsenite  may  he  tested  for  by  acidifying  the  filtrate,  which 
has  been  reserved  from  the  original  Mg  precipitate,  and  passing 
n.,8  into  it.  Yellow  As^S.j  will  be  precipitated  at  once  if 
arseiiite  is  present. 
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VI.— UNGROUPED  ACID-RADICLES. 

The  following  Acid-radicles  are  not  included  in  any  of  the 
preceding  Groups : — Borate,  Chromate,  Sihcate,  Fluoride, 
Fluosilicate,  Permanganate,  Phosphite,  and  Hypophosphite ; 
together  with  the  rarer  Acid-radicles,  Tungstate,  Molybdate, 
Selenite,  Tellurate,  Tellurite,  Titanate,  and  Vanadate. 

These  Acid-radicles  present  no  marked  resemblances  to 
one  another  or  to  other  Acid-radicles  in  their  reactions  ; 
they  are  therefore  usually  detected  by  special  tests.  The 
reactions  of  the  rarer  acid-radicles  have  been  already 
described  under  the  metals,  since  they  are  precipitated  by 
Group-reagents  for  the  metals. 


Borate  (BOg).— Use  Borax,  Na2B4O7.10H2O. 

588.  Tm-meric-test.— Powder  some  borate  finely,  and 
stir  it  with  a  little  dilute  HCl  on  a  watch-glass.  Immerse 
the  lower  half  of  a  strip  of  turmeric-paper  in  this  liquid,  and 
dry  it  on  a  watch-glass  in  the  steam-oven  (98),  upon  a 
water-bath  (88),  or  above  a  small  flame.  The  part  of  the 
test-paper  which  was  moistened  will  now  appear  reddish- 
hi-own,  and  will  become  bluish-black  when  it  is  moistened 
with  AmHO. 

589.  Alcohol-flame  Coloration. — Pour  alcohol  upon  some 
finely-powdered  borate  in  a  test-tube  or  porcelain  dish  :  add 
a  little  strong  HgSO^ ;  then  heat  the  mixture,  and  kindle  the 
spirit.  The  flame  will  show  a  green  edge ;  this  is  often  most 
clearly  seen  when  the  vapour  is  relighted  after  the  flame  has 
burnt  for  a  time  and  then  been  extinguished. 

This  flame-coloration  is  similar  to  that  which  is  given  by 
certain  other  substances;  but  its  spectrum,  consisting  of 
three  or  four  equidistant  green  lines,  is  quite  characteristic 
(fig.  68,  116). 
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590.  Blowpipe -flame  Coloration. — If  a  mixture  containing  CaF2, 
KHSO4,  and  a  borate  is  finely  powdered,  then  moistened,  and  heated 
on  a  loop  of  platinum  wire  in  the  inner  blowpipe-flame  for  a  short 
time,  it  will  colour  the  outer  flame  momentarily  green. 

This  test  is  not  always  decisive,  since  many  phosphates  and  copper 
salts  give  a  similar  result.  The  llame-coloratiou  is  also  liable  to  be 
masked  by  the  colorations  of  other  substances. 

591.  Hydrogen  borate,  or  Boric  acid  (H.jBO,^),  usually  occurs  com- 
bined with  21100  as  a  crystalline  scaly  hydrate.  When  this  substance 
is  strongly  heated,  it  yields  a  fusible  glass  consisting  of  B2O3. 

The  solution  of  boric  acid  turns  the  colour  of  blue  litmus-paper  to 
wine-red. 

The  reactions  iii  paragraphs  588,  589,  and  590  serve  to  detect  boric 
acid. 

The  acid  is  soluble  both  in  water  and  in  alcohol  ;  and  when  these  solu- 
tions are  evaporated,  the  boric  acid  partially  escapes  with  the  vapour  of 
the  li([uid. 


Chromate  (CrO^). — Use  Potassium  dichromate,  K.^CrgOy. 

AH  chromates  are  more  or  less  yellow  or  red  in  colour.  The  yellow 
solution  of  a  normal  chromate  becomes  orange-red  when  an  acid  is 
added,  owing  to  the  formation  of  a  dichromate :  while  the  reddish 
solution  of  a  dichromate  becomes  pale  yellow  when  it  is  made  alkaline, 
owing  to  its  conversion  into  a  normal  chromate.  See  Remarks  under 
Chromium,  p.  1.36. 

592.  Reduction  of  Chromate  to  Chromic  salt. — Various 
substances,  which  readily  combine  with  oxygen,  deoxidise 
acidified  chromate  solution  and  produce  a  chromic  salt ;  the 
colour  of  the  solution  at  the  same  time  changes  from  oranye- 
red  to  bright  green. 

Add  HCl  or  HgSO^  to  some  chromate  solution,  and  de- 
oxidise a  separate  portion  of  this  liquid  by  each  of  the  fol- 
lowing methods.  In  every  case  the  colour  of  the  liquid  will 
change  to  bluish-green. 

(a)  .  Pass  lIgS  into  the  hot  solution ;  white  »S  will  separate 

owing  to  oxidation  of  the  hydrogen  of  the  HgS. 

(b)  .  Add  NaHSOa  or  H^SOg  and  warm. 
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(c)  .  Add  alcohol  and  boil :  the  smell  of  aldehyde  will  be 

noticed. 

(d)  .  Boil  for  some  time,  after  adding  much  strong  HCl : 

CI  gas  will  be  slowly  evolved. 

(e)  .  Add  Zn  and  warm :  the  reducing  action  of  the 

nascent  H  will  be  slow. 

The  followitif^  equations  show  the  reactions  which  occur  M'itli  H.,S 
and  with  HCl  :- 

K,Cr,0-  +  3H2S  +  8HC1  =  Ci„C],j  +  '2KC1  +  7H2O  +  S3 . 
ksCi^O^  + 14  HCl  =  Cn.Cle  H-  2KC1  +  7HoO  4-  SCl.^ 

The  equations  representing  the  other  processes  of  deoxidation  may 
be  drawn  out  by  the  student. 

The  green  solution,  which  results  from  the  above  reactions,  will  give  all 
the  reactions  for  a  chromic  salt  (202-205) :  and  since  chromic  acid  is 
reduced  by  boiling  HCl  and  by  HgS  to  chromic  salt,  the  presence  of  a 
chromate  will  lead  to  the  precijntation  and  detection  of  CroHgOc  in 
the  ordinary  course  of  analysis.  This  chromic  hydroxide,  however, 
will  be  known  to  result  from  the  reduction  of  a  chromate  from  the 
colour  of  the  original  solution. 

593.  Hydrogen  peroxide  (H^O^,),  or  Barium  peroxide 
(BaOo),  if  it  is  added  to  a  cold  acidified  solution  of  chromate, 
produces  an  intense  but  evanescent  hlue  coloi'aiion. 

This  colour  is  far  more  permanent,  if  ether  is  first 
added,  and  the  liquid  is  vigorously  shaken  immediately  after 
the  addition  of  the  peroxide :  the  ether  then  assumes  and 
retains  a  blue  colour.  The  addition  of  a  few  drops  of  strong 
HNO3  is  useful.  This  reaction  is  extremely  delicate  and 
characteristic. 

594.  PbAg  -.yelloio  precipitate  (PbCrO^) :  soluble  in  KHO, 
insoluble  in  HA. 

595.  AgNO-j :  jniriile-red  precipitate  (Ag2Cr04) :  soluble  in  AmHO 
and  in  HNO3. 

596.  BaCl2 :  yellowish-white  precipitate  (BaCrO^)  :  insoluble  iu 
HA,  soluble  in  HCl. 


[597-599.] 
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597.  Hydrogen  chromate,  or  Chromic  acid,  is  present  in  the 
reddish-yellow  liquid  which  is  produced  by  dissolviug  CrO.;  in  water, 
and  by  acidifying  a  solution  of  a  chromate.  Its  solution  evolves  CI 
and  becomes  green,  when  it  is  boiled  with  HCl.  Wlnni  solution  of 
chromic  acid  is  neutralised  by  an  alkali  it  becomes  yellow,  and  the 
yellow  solution  yields  the  above  reactions  for  chromate. 


Silicate  (SiC^.;). — Use  solution  of  Sodium  silicate,  Na.iSiOa; 
and  finely-ground  sand,  Si02,  for  a  solid. 

598.  HCl,  if  it  is  added  drop  by  drop  to  solution  of  a 
silicate,  which  is  meanwhile  constantly  stirred  or  shaken, 
will  give  a  gelatinous  precipitate  of  ortliosilicic  acid  (H^Si04) 
uiihjss  the  solution  is  very  dilute.  Since  the  silicic  acid  may 
remain  in  solution,  the  non-appearance  of  a  precipitate  is  no 
proof  of  the  absence  of  a  silicate. 

Thesolutionof  silicate,  which  is  uscdforthesereactions(No.  146, 1164), 
is  made  of  such  strength  that  acids  do  not  cause  a  precipitate  in  it  ;  but 
if  some  of  the  solution  is  boiled  down  to  a  quarter  of  its  vohime,  the 
precipitate  will  usually  be  obtained  on  the  addition  of  an  acid. 

599.  Separation  of  SiO.^. — If  silicate  is  present  in  small 
quantity,  or  is  in  dilute  solution,  it  may  be  detected  by  acidi- 
fying the  solution  with  HCl  and  evaporating  the  liquid  to 
dryness  in  a  porcelain  dish.  The  evaporation  is  finished  on 
the  water-bath,  and  the  residue  is  heated  on  the  water-bath 
(88)  as  long  as  acid  fumes  are  given  off. 

Insoluble  SiO.^  is  thus  produced,  and  remains  undissolved 
as  a  white  powder,  when  the  dry  residue  is  stirred  and 
warmed  with  strong  HCl. 

During  the  last  part  of  the  evaporation  over  a  flame,  after  the  silica 
has  separated  as  a  gelatinous  mass,  spirting  will  occur  uidess  the  heat 
is  lessened  and  the  residue  is  stirred  with  a  glass  rod.  This  spirting 
may  be  also  prevented  by  linishing  the  evaporation  upon  a  watcr- 
batli  (88)  as  soon  as  the  liquid  thickens. 

The  SiOu,  which  is  left  undissolved  by  HCl,  is  invisible  as  long  as 
the  liquid  remains  in  the  porcelain  dish.  It  is  rendered  visible  by 
stirring  the  liquid  and  at  once  pouring  it  out  into  a  glass  vessel. 
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600.  Microcosmic-bead.— When  either  a  silicate  or  SiOo 
is  fused  into  a  bead  of  microcosmic  salt  (NaAmHPO^.iHgO) 
it  is  not  wholly  dissolved,  but  the  SiO.,  floats  about  in  trans- 
parent particles  in  the  melted  bead,  and  is  visible  as  little 
opaque  masses  when  the  bead  is  cold.  The  particles  of  SiO^ 
are  usually  most  easily  seen  while  they  are  in  motion  in  the 
fused  bead. 

601.  NaoCO.j  in  Blowpipe -flame. — If  solid  SiOg  or  a  silicate  is  heated 
in  a  fused  bead  of  NaaCO.,,  it  causes  frothing  :  tliis  is  due  to  the  evolu- 
tion of  CO2  :  — NaaCOg  +  Si02  =  CO.^  +  NagSiOa. 

602.  AmCl,  or  Am^COg,  causes  a  gelatinous  precipitate  of  1148104, 
which  usually  forms  only  after  a  time. 

603.  Certain  silicates,  if  they  are  moistened  with  Co(!N'0;5}2  and  are 
then  heated  on  charcoal  in  the  outer  lilowpipe-flame,  become  blue. 

604.  Hydrogen  silicate,  or  Silicic  acid  (1148104),  can  exist  in 
solution  in  water,  and  has  a  slightly  acid  reaction.  It  is  ordinarily 
met  with,  however,  in  the  hydrated  state  as  a  colourless  gelatinous 
substance,  which  does  not  affect  the  colour  of  litmus. 

In  this  gelatinous  form  silicic  acid  is  insoluble  in  water,  and  is  only 
very  slightly  soluble  in  acids,  but  it  dissolves  as  an  alkaline  silicate  in 
solutions  of  the  caustic  alkalis  or  of  alkaline  carbonates. 

When  the  gelatinous  hydrated  acid  is  strongly  heated,  it  yields  a 
white  insoluble  powder,  SiOg,  which  gives  the  reactions  in  paragraphs 
600,  601. 


Fluoride  (F). — Use  finely-powdered  CaFg. 

The  ordinary  tests  for  a  fluoride  depend  upon  the  liberation  of 
hydrofluoric  acid,  which  is  then  allowed  to  act  upon  a  glass  surface  and 
to  etch  or  corrode  it. 

605.  Strong  HgSO^,  if  it  is  warmed  with  a  little  finely - 
poioderecl  fluoride  in  a  test-tube,  liberates  HF.  This  acid 
etches  the  glass,  and  causes  the  sides  of  the  tube  to  throw 
off"  the  liquid  when  it  is  shaken  up,  as  a  greasy  surface 
throws  ofi"  water. 

If  the  cooled  mixture  is  washed  out  of  the  tube  and  the 
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inside  of  the  tube  is  perfectly  dried,  the  glass  will  be  seen  to 
be  dimmed  and  roughened.  Gentle  friction  with  a  glass  rod 
will  often  detect  the  roughness  of  the  etched  surface,  even 
when  this  is  not  perceptible  to  the  eye. 

6o6.  Etching  a  Watch-glass.— The  preceding  test  becomes 
much  more  delicate  if  it  is  carried  out  as  follows. 

A  watch-glass  is  carefully  heated  hy  holding  it  in  crucible- 
tongs  at  some  distance  above  a  flame.  Its  convex  surface  is 
then  rubbed  with  a  piece  of  paraffin-wax,  and  is  thus  covered 
with  a  melted  layer.  This  layer  is  made  uniform  by  once 
more  heating  the  glass,  allowing  any  excess  of  wax  to  drop 
off,  and  then  keeping  the  glass  moving  while  it  cools.  The 
coating  of  wax  is  then  finally  hardened  by  immersing  the 
glass  for  a  short  time  in  cold  water. 

Lines  or  characters  are  now  traced  in  the  wax,  near  the 
middle  of  the  glass,  by  gentle  pressure  with  the  point  of  a 
penknife ;  tbe  object  being  simply  to  remove  the  wax  from 
these  parts,  and  not  to  scratch  the  glass. 

When  the  gla-ss  has  been  thus  prepared,  it  is  placed,  with 
its  coated  surface  downwards,  as  a  cover  to  a  platinum 
crucible  or  small  leaden  cup,  which  contains  a  little  finely- 
powdered  fluoride  and  strong  HgSO^. 

Some  cold  water  is  then  poured  into  the  glass  in  order  to 
keep  it  cool,  and  the  bottom  of  the  vessel  is  heated  by  a  very 
small  flame ;  the  covered  vessel  is  then  allowed  to  stand  for 
about  fifteen  minutes. 

The  watch-glass  is  now  removed,  and  is  cleansed  by  hold- 
ing it  with  crucible-tongs  above  the  flame  and  quickly  wiping 
off  the  melted  wax. 

On  the  clean  bright  surface  thus  obtained,  the  traced  hues 
will  usually  be  visible  at  once,  when  the  glass  is  held  up  to 
the  light ;  but  if  mere  traces  of  fluoride  were  present,  the 
tracing  may  only  become  visible  when  the  cold  surface  is 
breathed  upon,  and  is  then  examined  by  reflected  light. 

607.  Formation  of  Silicon  fluoride  (SiF^).— The  above 
methods  do  not  serve  for  the  detection  of  fluoride  in  the 


236  REACTIONS  OF  THE  ACID-RADICLES.     [608,  609.] 

presence  of  silicate  or  of  silica,  since  under  these  circum- 
stances the  action  of  H.^iSO^  liber;ites  SiF^  instead  of  HF. 

SiF^  possesses  no  power  of  etching  glass.  But  it  gives 
rise  to  white  fumes  in  moist  air ;  and  when  it  is  passed  into 
dilute  AmHO,  it  yields  a  colourless  flocculent  precipitate  of 
H^SiO^,  and  produces  AmF  in  the  solution. 

The  formation  of  the  precipitate  of  silicic  acid  is  sufhcient 
proof  of  the  presence  of  a  fluoride ;  but  after  this  precipitate 
has  been  filtered  off,  the  AmF  may  also  be  detected  in  the 
filtrate.  This  is  effected  by  adding  CaClg  solution  to  the 
clear  liquid,  then  filtering  off  the  precipitate  of  CaF,,  and 
drying  and  examining  it  as  is  directed  in  paragraph  6o6. 

The  above  method  is  employed  for  detecting  fluoride  in 
minerals  which  contain  silica  or  silicate.  The  method  is  also 
sometimes  utiHsed  for  the  detection  of  fluoride  in  a  substance, 
which  has  been  previously  intimately  mixed  with  Si02  so  as 
to  render  it  suitable  for  the  above  test. 

In  order  to  tr}^  the  reaction,  a  mixture  of  CaFg  and  SiOg 
may  be  heated  with  strong  HgSO^.  A  small  piece  of  marble 
should  be  dropped  into  the  tube  in  which  the  SiF.,  is  being 
produced  :  this  evolves  COo,  which  carries  the  silicon  fluoride 
over  into  the  AmHO  solution.  The  changes  which  occur  are 
thus  expressed  by  equations  : — 

2CaF2  +  SiO,  +  2H,S04  =  SiF^  +  2H.2O  +  2CaS04 . 
SiF^  +  4  AmHO  =  H^SiO^  +  4  AmF. 

608.  CaCl,,,  when  it  is  added  to  solution  of  fluoride,  gives 
an  almost  transparent  gelatinous  precipitate  (CaFg),  which 
becomes  more  visible  when  the  liquid  is  heated  or  when 
AmHO  is  added  :  this  precipitate  is  slightly  soluble  in  HCl, 
but  is  almost  insoluble  in  HA.    Difference  from  fluosilicate. 

Solution  of  NaF  may  be  prepared  for  the  above  reaction,  by  fusing  a 
mixture  of  powdered  CaFg  and  fusion -mixture  on  platinum  foil  for 
several  minutes  :  then  boiling  the  cool  mass  on  the  foil  in  water, 
filtering  the  solution,  and  acidifying  the  filtrate  with  HA. 

609.  Hydrogen  fluoride,  or  Hydrofluoric  acid,  HF,  is  at  ordinary 
temperatures  a  colourless  gas,  which  fumes  in  the  air,  etches  a  glass 
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surface,  and  dissolves  freely  in  water.  The  solntion  of  HF  is  acid  in 
reaction,  and  dilFei-s  from  all  otlier  acids  by  decomposing  and  dissolv- 
ing SiOo. 


Fluosilicate  (SiF^;). — Use  Hydrogen  ihiosilicate,  H.^SiF^j. 

610.  BaCL  :  white  precipitate  (BaSiF^;).  This  precipitate 
usually  appears  only  when  the  solution  is  gently  warmed, 
and  differs  in  this  respect  from  BaSO^. 

It  diilbrs  from  EaSeO^  (369)  by  being  only  slightly 
soluble  in  boiling  11  CI :  it  is  insoluble  in  alcohol. 

Allow  this  precipitate  to  settle  and  reserve  it  for  the 
reaction  in  paragraph  6l2. 

The  above  precipitate  shows  some  resemblance  to  BaSOj  since  it  is 
only  slightly  soluble  in  HCl,  but  it  differs  in  appearance  by  being 
more  or  less  transparent  and  crystalline.  Fluosilicates  differ  also  from 
sulphates  by  giving  no  [irecipitate  with  Sr(N0;j)2  or  with  PblNOgja- 
Further,  when  they  are  heated  with  excess  of  AmHO  they  yield  a 
llocculent  precipitate  of  H^SiO^,  and  leave  AiuF  in  solution  (607). 

Fluosilicates  also  differ  from  sulphates  by  the  following  very  distinc- 
tive reactions. 

611.  KCl  solution,  when  it  is  warmed  with  solution  of 
lluosilicate,  gives  a  very  transparent  gelatinous  precipitate 
(K^SiF,;)  :  this  precipitate  is  only  visible  after  it  has  been 
allowed  to  settle  for  a  time ;  it  is  insohible  in  alcohol. 

612.  Strong  fi.,SO^,  if  it  is  heated  with  solution  of  lluo- 
silicate, causes  IIF  to  be  given  off:  this  vapour  may  be 
detected  by  its  etching  action  on  glass  (606). 

This  reaction  is  especially  useful  for  ascertaining  wliether  a  preci- 
pitate, which  has  been  produced  by  BaCl2,  consists  of,  or  contains, 
BaSiF,j. 

The  precipitate  from  paragraph  610  may  be  tested  by  this  process. 
The  precipitate  is  allowed  to  settle :  almost  all  the  water  is  then 
poured  olf :  the  remainder  of  the  water  is  shaken  up  with  the  preci- 
pitate and  is  at  once  poured  into  a  watch-glass  :  the  rest  of  tlie  water 
is  then  decanted,  and  the  precipitate  which  remains  on  the  glass  is 
warmed  for  some  time  with  strong  HgSOj.    After  the  glass  has  been 
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washed  and  dried,  it  will  be  found  to  be  corroded  where  the  preci- 
pitate rested. 

When  the  more  delicate  process  described  in  paragraph  606  is  em- 
ployed, the  precipitate  should  be  shaken  up  with  the  liquid  and 
poured  off  into  a  platinum  crucible  or  leaden  cup.  The  liquid  is  then 
decanted,  and  the  precipitate  is  warmed  with  strong  H0SO4  as  is 
described  in  paragraph  606. 

The  processes  of  filtering  off  and  drying  the  precipitate  may  be  sub- 
stituted for  decantation,  but  they  are  less  rapidly  executed,  and  are 
only  suitable  when  the  precipitate  of  BaSiF^  has  been  obtained  in 
some  quantity. 

613.  GaClo  gives  no  precipitate  in  fluosilicate  solution.  (Difference 
from  fluoride.) 

614.  Hydrogen    fluosilicate,  or   Fluosilicic  acid,  HgSiFy,  is  a 

strongly  acid  liquid,  which  volatilises  entirely  as  2HF-j-SiF4  when  it 
is  lieated  in  a  platinum  vessel.  Accordingly  when  this  acid  is  evaporated 
in  a  watch-glass,  the  glass  is  etched.  The  acid  is  precipitated  by 
BaCl^  and  by  KCl  (610,  611). 


Phosphite  (PHO3). — Use  solution  of  NaoPHOg. 

615.  AgNO.j :  black  precipitate  (Ag),  when  the  liquid  is  allowed  to 
stand  or  is  heated.  The  addition  of  AmHO  in  small  quantity  increases 
the  delicacy  of  this  test,  but  it  must  be  remembered  that  the  original 
precipitate  is  soluble  in  excess  of  this  reagent. 

616.  HgClg  :  white  precipitate  (Hg2Cl2),  which  becomes  grey  (Hg) 
when  the  liquid  in  which  it  is  suspended  is  heated. 

617.  PbAg :  white  precipitate  (PbPHOg),  which  is  insoluble  in  acetic 
acid. 

618.  Reduction  reactions. —Solution  of  phosphorous  acid,  or  of  a 
phosphite  which  has  been  acidified  with  HA,  acts  as  a  reducing  agent : 
but  its  action  is  not  so  powerful  as  that  of  hypophosphorous  acid  (623), 
as  the  following  reactions  will  show: — 

(a)  .  A  drop  of  KgMngOg  solution  is  not  reduced  and  decolourised  by 

phosphorous  acid  :  but  reduction,  attended  with  loss  of  colour, 
takes  place  when  the  liquid  is  heated. 

(b)  .  A  drop  of  CuClj  or  of  CUSO4  solution  is  not  reduced  and  de- 

colourised even  when  the  liquid  is  heated. 
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619.  Solid  Phosphite,  when  it  is  heated,  gives  olf  a  mixture  of 
hydrogen  and  hydrogen  phosphide  :  the  latter  gas  is  known  by  its 
garlic  smell  :  the  mixture  of  gases  is  spontaneously  inflammable  in 
contact  with  air,  and  burns  with  a  bright  white  llame,  emitting  white 
fumes :  red  phosphorus  is  usually  deposited  on  the  interior  of  the 
ignition  tube  during  this  combustion. 


Hypoi'Hosi'Hite  (PHaOa).— Use  solution  of  NaPHgOa. 

620.  AgNO^:  white  precipitate  (AgPHoOg),  which  gradually  be- 
comes black  ;  the  change  is  more  rapid  when  the  liquid  is  heated,  and 
is  due  to  the  formation  of  metallic  silver. 

621.  HgCL, :  white  precipitate  (HgoCl.,),  which  forms  slowly  on 
standing,  but  more  rapidly  when  the  liquid  is  heated. 

622.  PbA., :  no  precipitate.  (Difference  from  phosphite.) 

623.  Reduction  reactions.— Solution  of  hypophosphorous  acid,  or  of 
a  hypophosphite  which  has  been  acidified  with  HA,  acts  as  a  powerful 
reducing  reagent :  this  is  proved  by  the  following  reactions  :— 

(a)  .  A  drop  of  K.>Mn„Oy  solution  is  reduced  and  decolourised,  when 

it  is  added  to  the  cold  solution. 

(b)  .  When  the  solution  is  mixed  with  a  little  CuSO^  solution,  and 

the  mixture  is  heated  to  5f)°  C. ,  red  copper  hydride  (CuHg)  is 
precipitated,  and  tliis  evolves  H  and  leaves  metallic  copper 
wlicn  the  liipud  is  heated. 

(c)  .  When  the  solution  is  mixed  with  a  little  CuCla  solution,  the 

copper  salt  is  decolourised  and  white  Cu^Cla  is  pi'ecipitated  ; 
the  CujClg  then  gradually  changes  to  red  metallic  copper. 

624.  Solid  Hypophosphite,  when  it  is  heated,  gives  oil  liydrogen 
phosphide  ;  this  gas  may  be  recognised  by  its  garlic  smell,  and  by 
kindling  spontaneously  in  contact  with  the  air :  it  burns  with  a 
bright  white  flame  which  emits  white  fumes  and  usually  deposits  red 
phosphorus  on  the  interior  of  the  ignition  tube. 


Permanganate  ("MnaOg).— Use  solution  of  K'MuoO 


Solid  permangauates  are  usually  very  dark  red  or  purple  in  colour  ; 
their  solutions  are  usually  purjjle  or  reddish-purple. 

625.  KHO,  if  it  is  added  in  large  excess,  causes  the  purple  colour  of 
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the  solution  to  change  to  green  :  this  is  due  to  tlie  conversion  of  the 
permanganate  into  raanganate  : — 

K2Mn208  +  2KH0  =  2K2Mn04  +  H2O  +  0 . 

The  purple  colour  reappears  when  this  alkaline  green  liquid  is 
acidified  (629). 

626.  Reducing  reagents. — The  addition  of  SOo,  HoS,  acidified  solu- 
tion of  nitrite,  and  of  other  reducing  reagents,  at  once  destroys  the 
purple  colour  of  permanganate  solution,  and  a  nearly  colourless 
manganese  salt  is  formed.  It  follows  that  in  the  ordinary  course  of 
analysis  permanganate  will  be  converted  into  a  manganous  salt,  which 
will  be  detected  in  Group  III.B. 

627.  Solid  Permanganate,  or  permanganate  in  strong  solution, 
when  it  is  mixed  with  dilute  H2SO4,  evolves  oxygen  gas  :  with  dilute 
HCl  chlorine  gas  is  evolved  :  with  strong  acids,  gas  is  evolved  with 
explosive  violence. 


Manganate  ("MnOj).— Use  alkaline  solution  of  K2Mn04. 

Solid  manganates  are  almost  black  :  their  solutions  are  bluish-green 
in  colour. 

628.  HyO. — Manganates  undergo  decomposition  in  contact  with  water, 
with  production  of  purple  permanganate  and  Mn02,  unless  much 
alkaline  hydrate  is  present : — 

3K2Mn04  -f  2H2O  =  K2Mn208  +  4KH0  +  Mn02 . 

629.  An  acid,  if  it  is  added  in  sufficient  quantity,  causes  the  green 
solution  of  manganate  to  change  to  i-eddish-purple  solution  of  per- 
manganate :  even  COo  can  produce  this  change,  and  it  may  therefore 
be  brought  about  by  exposure  of  the  manganate  solution  to  air  : — 

3K2Mn04  +  3H2SO4  =  KaMngOa  -f  2K2SO4  +  M11SO4  +  3H2O  +  0 . 

The  above  change  is  reversed  when  an  alkaline  hydrate  solution  is 
added  in  excess  to  the  red  solution  (625). 

630.  Reducing  reagents  decolourise  acidified  solutions  of  manganate 
and  produce  manganous  salt  (626). 


GllOUP  VI. — MANGANATE. 
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TuNGSTATE  (WO4). — Paragi'aphs  397-400. 


MoLYBDATE  (M0O4).— Paragraphs  357-363. 


Selenite  (SeOs). — Paragraphs  365-368,  371,  372. 


Tem.uratk  (TeO^).— Paragraphs  377,  378. 


Tellurite  (TeO;,).— Paragraphs  374-376,  378. 


TiTANATE  (TiOg).  —Paragraphs  263-267. 


Vanadate  (VO4).— Paragraphs  271-276. 
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SEOTIO]^  lY-PAET  lY. 


THE  DETECTION  AND  ANALYTICAL  REAC- 
TIONS OP  ORGANIC  SUBSTANCES. 


Introductory  Remarks. — Organic  substances  may  be 
defined  as  being  chemical  compounds  which  contain  carbon. 

Methods  are  described  below  for  detecting  the  presence 
in  organic  substances  of  the  elements  carbon,  hydrogen, 
nitrogen,  sulphur,  phosphorus,  chlorine,  bromine,  and  iodine. 

The  processes  of  determining  the  melting-point  of  a  readily 
fusible  solid,  and  the  boiling-point  and  specific  gravity  of  a 
liquid  are  also  given  :  these  determinations  are  often  of  value 
in  identifying  an  organic  substance. 

The  special  analytical  reactions  for  certain  important 
organic  substances  are  then  described  in  detail.  These 
include  certain  organic  acid-radicles,  alkaloids,  hydrocarbons, 
haloid  compounds,  alcohols  and  phenols,  aldehydes  and 
ketones,  amido-compounds,  carbohydrates,  albuminous  sub- 
stances, and  certain  bodies  related  to  the  preceding  substances. 


I.— DETECTION  OF  ELEMENTARY  CONSTITUENTS 
OF  ORGANIC  SUBSTANCES. 


Detection  op  Carbon. 

631.  Ignition  of  Substance. — The  presci;ce  of  carbon 
in  an  organic  substance  is  frequently  indicated,  by  the  sub- 
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stance  becoming  charred  or  blackened,  when  it  is  lieated 
alone  or  with  strong  H^SO.i.  Carbon  is  also  evolved  as  CO.;, 
when  certain  organic  substances  are  heated  either  alone  or 
with  strong  H^SO^ :  the  CO^,  thus  evolved  may  be  detected 
by  means  of  Hme- water  (505). 

632.  Ignition  with  Copper  oxide.— A  more  certain  and 
general  method  of  detecting  carbon  consists  in  mixing  the 
organic  substance  intimately  Avith  finely-powdered  copper 
oxide  (CuO),  or  with  some  other  solid  oxidising  compound, 
and  heating  the  mixture  strongly.  The  carbon  is  then 
evolved  as  CO^,  and  this  may  be  detected  by  passing  it  into 
lime-water  (505). 

The  method  may  be  tried  by  mixing  a  little  sugar  with 
four  or  five  times  its  measure  of  finely-powdered  CuO.  This 
mixture  is  then  placed  in  the  closed  end  of  a  hard  glass  test- 
tube,  and  the  remainder  of  the  tube  is  nearly  filled  with 
granular  CuO.  The  open  end  of  the  test-tube  is  then  fitted 
with  a  bent  glass  delivery-tube,  and  the  tube  is  heated  in 
a  Bunsen-flame,  care  being  taken  that  the  granular  oxide  is 
heated  to  redness  before  the  mixture  itself  is  heated.  The 


Fig.  75. 


Detection  of  Cari!on  and  Hydrogen  in  an 

OroANIC  SuiiSTANCE. 

experiment  may  be  made  in  a  longer  tube,  which  is  heated  by 
the  Ramsay  burner  (fig.  75).  The  heat  is  first  apphed  to  the 
granulated  oxide,  and  when  this  is  at  a  red  heat  the  mixture 
is  gradually  heated  to  the  same  temperature.  The  delivery- 
tube  dips  into  a  vessel  containing  lime-water,  which  serves 
to  indicate  the  evolution  of  COg. 
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The  apparatus  should  be  kept  standing,  after  the  experi- 
ment has  been  finished,  as  it  is  again  referred  to  in  paragraph 

634- 

Note.— It  must  be  remembered  that  many  carbonates,  and  all  bicar- 
bonates,  evolve  COg  when  they  are  heated.  Carbonates  may  be  dis- 
tinguished from  other  organic  bodies  by  evolving  COg  when  they  are 
acted  upon  by  cold  dilute  acid  (505). 


Detection  op  Hydrogen. 

633.  Ignition  of  Substance. —Many  organic  substances, 
which  contain  oxygen,  evolve  their  hydrogen  more  or  less 
completely  in  the  form  of  steam,  when  they  are  heated.  If 
the  substance  is  heated  in  a  test-tube,  the  steam  con- 
denses on  the  cooler  part  of  the  tube  in  the  form  of  water 
drops. 

634.  Ignition  with  Copper  oxide. — The  presence  of  hydro- 
gen in  an  organic  substance  may,  however,  be  detected  with 
greater  certainty  at  the  same  time  as  the  carbon,  by  the 
method  of  oxidation  with  CuO  at  high  temperature  (632). 
The  hydrogen  is  converted  by  this  oxidation  process  into 
stoam,  which  condenses  in  the  form  of  water  drops  in  the 
cooler  part  of  the  test-tube,  or  in  the  delivery-tube.  The 
bulb  in  the  dehvery-tube  (fig.  75)  is  of  advantage,  since 
it  reduces  the  velocity  of  the  current  of  escaping  gas  and 
vapour,  and  therefore  promotes  the  condensation  of  the 
steam. 

The  presence  of  hydrogen  in  sugar  is  proved  by  the  pro- 
duction of  the  water,  which  has  condensed  in  the  apparatus 
during  the  test  for  carbon  (632). 

This  test  is  rendered  more  delicate  by  placing  some  white 
anhydrous  CuSO^  in  the  bulb  :  the  entrance  of  even  a  trace 
of  moisture  turns  the  CuSO^  blue. 

Note.  Any  moisture  which  is  present  in  the  substance  or  in  the 

copper  oxide  will  be  evolved  as  steam,  and  will  be  condensed  as  is 
described  above.    Both  the  organic  substance  and  the  CuO  must  there- 
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fore  be  perfectly  dried,  in  order  to  avoid  a  wrong  inference  being  drawn 
as  to  the  presence  of  hydrogen  in  the  organic  substance  itself.  A  solid 
organic  substance  may  usually  bo  freed  from  moisture  by  heating  it  in 
the  steam-oven  (98)  for  about  an  hour  ;  and  the  copper  oxide  should 
be  dried  by  igniting  it  to  redness  for  an  hour. 


Detection  of  Nitrogen. 

635.  Ignition  of  Substance. — Nitrogen  is  evolved  from 
nicUiy  org.uiic  substances  in  the  form  of  ammonia,  or  of 
organic  derivatives  of  ammonia,  when  the  substances  are 
heated.  The  ammonia,  or  other  alkaline  substances,  may  be 
readily  detected  by  their  pungent  smell  or  by  their  alkaline 
action  upon  moist  turmeric-paper  (145).    See  Note  (635). 

636.  Ignition  with  Soda-lime. — A  more  certain  and 
general  method  of  detecting  the  presence  of  nitrogen 
consists  in  mixing  the  organic  substance  intimately  with 
powdered  soda-lime,  and  then  heating  the  mixture  strongly 
in  a  hard  glass  test-tube.  Either  ammonia,  or  basic  sub- 
stances containing  nitrogen,  such  as  amines,  will  be  evolved, 
and  may  be  detected  by  turning  moist  turmeric-paper  brown. 

In  trying  the  reaction  urea  or  albumen  may  be  employed. 

This  test  is  applicable  to  most  organic  substances  which 
contain  nitrogen,  with  the  exception  of  nitro-,  nitroso-,  azo-, 
and  diazo-bodies. 

Note. — It  must  be  remembered  that  many  ammonium  compounds 
evolve  NH;j  when  they  are  heated,  and  that  they  all  evolve  NH;,  when 
they  are  heated  with  soda-lime.  Ammonium  compounds,  however, 
evolve  NH:j  when  they  arc  gently  heated  with  solution  of  KOH  ;  they 
may  be  distinguished  in  this  way  from  most  organic  compounds  con- 
taining nitrogen,  which  require  to  be  heated  much  more  strongly  with 
solid  KOH,  or  with  soda-lime,  before  they  evolve  NH3. 

637.  Ignition  with  Sodium,  and  Production  of  Prus- 
sian Blue. — Another  general  method  for  the  detection  of 
nitrogen  consists  in  converting  the  nitrogen  of  the  organic 
substance  into  a  soluble  cyanide,  and  then  producing  "Prus- 
sian blue  "  from  this. 
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Heat  the  nitrogenous  substance  (urea,  or  albumen)  strongly 
\vith  a  small  piece  of  sodium  or  potassium  in  a  small  hard 
glass  ignition-tube.  Break  up  the  tube  in  some  Avater  in  a 
mortar  with  the  pestle.  Transfer  the  liquid  Avith  the  substance 
to  a  boiling-tube,  warm  gently  and  filter.  Then  add  a  few 
drops  of  solutions  of  Fe^Cl,;  and  of  FeSO^ :  and  unless  the 
liquid  is  already  strongly  alkaline  to  test-paper,  add  KOH  in 
excess.  Then  warm  the  liquid,  and  add  HCl  in  excess.  The 
formation  of  a  dark  blue  precipitate,  or  of  a  blue  or  dark 
green  solution,  indicates  the  formation  of  Prussian  blue  ;  and 
the  nitrogen,  which  is  a  constituent  of  this  Prussian  blue, 
must  have  been  derived  from  the  organic  substance. 

This  reaction  is  more  delicate  than  the  preceding  one 
(636) ;  and  it  serves  for  the  detection  of  nitrogen  in  all 
organic  substances  with  the  exception  of  the  diazo  compounds. 

Note. — If  sulphur  is  present,  the  organic  substance  must  be  mixed 
with  iron  filings,  or  better  with  "reduced  iron,"  l)efore  it  is  heated 
with  sodium.  The  ])resence  of  ready  formed  cyanogen  compounds  in 
the  organic  substance  may  be  ascertained  by  special  tests  (647,  et  seq.). 


Detection  of  Sulphur. 

The  Presence  of  Sulphur  in  an  organic  substance  may 
be  detected  by  converting  the  sulphur  either  into  Na.^S 
(638)  or  into  Na^SO^  (639). 

638.  Ignition  with  Sodium,  and  Formation  of  Sulphide. 

— Ignite  the  organic  substance  (albumen)  with  a  small  piece  of 
sodium  :  then  extract  the  residue  with  warm  water,  filter  the 
solution,  and  add  to  the  filtrate,  made  alkaline  if  necessary 
with  NaOH,  solution  of  sodium  nitroprusside :  the  presence 
of  sulphur  will  be  indicated  by  a  violet  coloration. 

Addition  of  lead  acetate  solution  will  produce  black  PbS  ; 
but  this  test  is  less  delicate  than  the  nitroprusside  reaction. 

639.  Ignition  with  NaNOg,  and  Formation  of  Sulphate. 
— Mix  the  solid  organic  substance  (albumen)  in  a  porcelain 


[(310,  641.]       SULI'HUK,  PHOSPHORUS,  HALOGENS.  247 


crucible  with  four  times  its  measure  of  dry  NaoCOg  and  its 
own  measure  of  NaNO^,  and  heat  until  the  alkali  salts  are 
fused.  Dissolve  the  cool  product  in  dilute  HCl,  and  add 
BaCl., :  a  ichite  precipitate  (BaS04)  shows  the  presence  of 
sulphate,  which  has  been  formed  from  sulphur  in  the  organic 
substance. 


Detection  op  Phosphorus. 

The  Presence  of  Phosphorus  in  an  organic  substance  may- 
be detected  by  converting  it  into  PH3,  or  into  phosphate. 

640.  Heating  with  Magnesium. — Carbonise  the  substance 
by  heat,  then  mix  it  with  magnesium  powder,  and  heat  the 
•mixture  strongly  :  now  moisten  the  cold  residue  with  water: 
an  onion-like  smell  of  PH3  will  be  observed,  proving  the  pro- 
duction of  magnesium  phosphide,  and  the  presence  of  phos- 
phorus in  the  original  substance. 

641.  Ignition  with  NaNO.,  and  Formation  of  Phos- 
phate.— Heat  the  solid  substance  with  fused  Na^CO^  and 
NaNO.j,  as  has  been  described  for  the  detection  of  sulphur 
(639).  Then  dissolve  the  residue  in  dilute  HNO3,  and  add 
a  few  drops  of  this  liquid  to  some  AmHMoO,  solution  and 
warm  gently :  the  formation  of  a  yellow  precipitate  proves 
that  phosphate  has  been  formed,  and  indicates  the  presence 
of  phosphorus  in  the  original  substance  (578)- 


Detection  op  Ciilorinb,  Bromine,  and  Iodine. 

The  Presence  of  the  Halogen  Elements  in  an  organic 
substance  may  be  detected  either  by  the  flame-coloration  of 
their  copper  salts,  or  by  converting  them  into  sodium  salts 
and  then  applying  the  ordinary  tests  to  the  solution  of 
these  salts. 
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642.  Copper  Flame-coloration. — Fix  a  piece  of  CuO  in  a 
loop  of  platinum  wire  and  heat  it  strongly  in  the  outer  Bun- 
sen-flame  :  it  must  give  no  colour  to  the  flame.  Then  dip 
the  CuO  into  the  organic  substance  (chloral)  and  ignite  it 
again,  first  in  the  inner  and  then  in  the  outer  Bunsen-flame  : 
a  green  flame  coloration  with  a  blue  centre  will  appear,  and 
will  indicate  the  presence  of  chlorine  in  the  organic  substance. 
A  precisely  similar  result  is  obtained  if  the  organic  substance 
contains  either  bromine  or  iodine. 

This  test,  therefore,  only  serves  to  indicate  the  presence  of 
a  halogen,  and  does  not  distinguish  between  the  different 
halogen  elements. 

643.  Ignition  with  Soda-lime,  or  with  Sodium. — Mix  a 

little  of  the  organic  substance  (chloral)  with  soda-hme  free 
from  chloride,  and  place  the  mixture  in  a  hard  glass  test.- 
tube.  Fill  up  the  remainder  of  the  tube  with  soda-lime, 
and  heat  the  tube  with  a  Ramsay -burner  (632,  fig.  75). 
Gradually  extend  the  heating  from  the  red-hot  soda-lime  to 
the  mixture.  When  the  soda-lime  is  cold,  dissolve  it  in 
dilute  nitric  acid,  and  test  the  solution  for  chloride,  bromide, 
and  iodide  in  the  ordinary  way  (552,  et  seq.). 

The  substance  may  be  ignited  with  a  small  piece  of  sodium 
instead  of  with  soda-lime,  and  the  solution  obtained  by 
extracting  the  cold  residue  with  water  is  then  examined  by 
paragraphs  552,  et  seq. 


II. -DETERMINATION  OF  SPECIFIC  GRAVITY, 
MELTING-POINT,  AND  BOILING-POINT. 

The  Identification  of  a  Solid  Organic  Substance  in  a 
state  of  purity  is  frequently  aided  by  the  determination  of  its 
specific  gravity  and  of  its  melting-point,  since  these  are  con- 
stant properties  of  each  substance.  These  determinations 
may  even  in  some  cases  take  the  place  of  analytical  tests, 
but  they  are  more  frequently  used  with  the  object  of  con- 
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firming  the  results  which  have  been  already  yielded  by 
analytical  reactions. 

The  determination  of  the  specific  gravity  of  a  solid  sub- 
stance involves  accurate  weighing  on  a  chemical  balance. 
Directions  for  the  process  are  given  in  Section  I.  in  Cloioes 
and  Coleman's  Quantitative  AnaJijsis. 

The  specific  gravity  of  a  liquid  may  be  determined  by 
accurate  weighing,  but  the  determination  by  means  of  a 
correct  hydrometer  {644)  is  much  more  rapid  and  con- 
venient. 

When  a  solid  substance  possesses  a  melting-point  which 
can  be  taken  by  a  mercurial  thermometer,  the  process  de- 
scribed in  paragraph  645  may  be  employed,  and  will  be 
found  to  be  rapid  and  simple  in  execution.  The  fusing-points 
of  most  inorganic  substances  are,  however,  too  high  to  admit 
of  being  determined  by  this  process. 

The  determination  of  the  boiling-point  of  a  liquid,  if  this 
point  is  sufficiently  low  to  be  effected  by  means  of  the 
mercurial  thermometer,  is  a  simple  process,  and  is  described 
in  paragraph  646. 


Determination  of  tub  Specific  Gkavity  op  a  Liquid. 

644.  The  Hydrometer  serves  to  determine  the  specific 
gravity  of  a  liquid  rapidly,  since  it  enables  the  process  of 
weighing  to  be  dispensed  with.  The  apparatus  consists  of  a 
glass  or  metal  float  (fig.  76),  which  is  weighted  below  to 
such  an  extent  as  to  cause  it  to  assume  a  vertical  position 
when  it  is  floating  in  the  liquid.  The  stem  is  so  graduated 
that  the  numbered  mark,  which  is  level  with  the  surface  of 
the  liquid,  when  the  hydrometer  is  floating  freely,  shows  the 
specific  gravity  of  the  liquid.  The  temperature  of  the  liquid 
must  be  adjusted  to  the  temperature  at  which  the  hydro- 
meter has  been  graduated  :  this  is  usually  15*5°  C. 

All  specific  gravities  which  are  given  in  this  book  corre- 
spond to  the  temperature  of  15 "S"  C. 
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Detehmination  of  the  Melting-point  of  a  Solid. 

645.  The  Method  commonly  in  Use  for  determining  the 
melting-point  of  a  substance  is  illustrated  in  fig.  77. 

The  solid  substance  is  placed  in  a  thin-walled  glass  tube, 
which  is  about  ~  inch  in  diameter  and  is  sealed  at  one  end. 


Fig.  76.  Fig.  77. 


HydUOMETKU.  DiCTERMINATloN  UF  MeI/IING-PoINT. 


Such  a  tube  is  readily  made  by  drawing  out,  in  the  Bunsen- 
flame,  a  thin-walled  narrow  test-tube  about  y"^  inch  in 
diameter. 

This  tube  is  attached  to  the  stem  of  a  delicate  thermo- 
meter just  above  the  bulb,  by  binding  it  by  fine  platinum 
wire.  If  the  thermometer  is  to  be  dipped  into  water 
only,  a  little  rubber  ring,  cut  off  some  small  rubber  tubing, 
may  be  slij)ped    over   the   larger  end  of   the   tube  and 
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tho  thermometer  stem  (fig.  77),  instead  of  binding  it  with 
platinum  wire. 

The  thermometer  and  tube  are  then  placed  in  a  beaker 
containing  a  liquid  which  has  a  higher  boiling-point  than  the 
melting-point  of  the  solid.  Water,  strong  H.^SOj,  or  melted 
parallin-wax  may  be  used  in  the  beaker,  according  to  the 
temperature  which  is  required. 

The  beaker  is  then  gently  heated  until  the  solid  melts,  and 
the  temperature  of  liquefaction  is  accurately  noted  by  the 
thermometer. 

The  process  should  be  repeated  several  times  with  fresh 
portions  of  the  substance,  and  the  mean  temperature,  which 
has  been  obtained  from  these  experiments,  should  be  taken 
as  the  melting-point  of  the  solid. 

The  following  points  require  to  be  attended  to. 

If  the  mercury-thread  of  the  thermometer  extends  above 
the  surface  of  the  liquid,  the  correction  which  is  described  in 
tlid  Note  in  paragraph  646  must  be  applied  to  the  reading. 

During  the  process  of  heating,  the  contents  of  the  beaker 
should  be  constantly  mixed  by  means  of  a  stirrer,  which  is 
made  of  bent  glass  rod  or  stout  wire  in  the  shape  shown  at  h 
in  fig.  77.  This  continuous  stirring  is  necessary,  in  order  to 
secure  a  uniform  temperature  throughout  the  mass  of  the 
liquid  during  the  determination. 

In  the  case  of  certain  fats,  and  of  some  other  substances, 
it  is  difficult  to  vsee  the  exact  point  of  liquefaction.  This  is 
facilitated  by  using  a  tube  which  is  open  at  both  ends. 

If  there  is  any  difficulty  in  introducing  the  substance  into 
this  open  tube,  the  fine  end  of  the  tube  may  be  inserted  into 
the  melted  substance.  A  small  quantity  of  tho  liquid  will 
enter  the  tube  by  ca[)illary  attraction.  This  is  allowed  to 
cool  and  solidify,  and  the  tube  is  then  attached  to  the  ther- 
mometer and  immersed  in  the  water  as  before. 

At  the  moment  of  liquefaction,  the  substance  will  be 
forced  up  the  tube  by  the  pressure  of  the  liquid  in  the  bath. 
The  temperature  of  the  tiiermometer  is  noted  when  this 
movement  is  seen  to  occur. 
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It  should  be  borne  in  mind  that  some  substances,  more 
especially  the  animal  fats,  show  a  lower  melting-point  when 
the  process  of  fusion  is  repeated  immediately  after  solidifica- 
tion. In  such  cases  the  normal  melting-point  is  regained 
after  the  substance  has  remained  in  the  solid  condition  for  a 
sufficient  interval  of  time. 

Experiment. — The  melting-point  of  paraffin- wax  may  be  determined 
for  experiment,  using  a  beaker  wliicli  contains  water  for  the  bath.  The 
melting-point  should  be  approximately  52°  C. 


Determination  op  the  Boiling-point  op  a  Liquid. 

646.  The  Boiling-point  of  a  pure  Liquid  is  a  characteristic 
property  of  the  liquid,  and  different  liquids  generally  possess 
different  boiling-points.  Hence  a  boiliug-point  determination 
often  serves  to  detect  the  presence  of  a  particular  liquid.  It 
is  also  used  sometimes  as  a  test  of  the  purity  of  the  liquid. 

The  method  for  determining  the  boiling-point,  which  is 
described  below,  is  simple  and  accurate. 

The  liquid  is  placed  in  a  flask  (fig.  78),  the  neck  of  which 
is  provided  with  a  delivery-tube  at  the  side.  The  neck  is 
closed  by  a  perforated  cork,  through  which  a  thermometer 
passes,  the  bulb  of  the  thermometer  being  close  to  the  surface 
of  the  liquid. 

Heat  is  now  gradually  applied  until  the  liquid  boils.  The 
side  tube  serves  to  carry  away  the  vapour  which  is  produced, 
and  the  bulb  and  part  of  the  stem  of  the  thermometer  are  thus 
constantly  surrounded  by  the  vapour  of  the  boiling  liquid. 
As  soon  as  the  reading  of  the  thermometer  remains  con- 
stant, the  temperature  is  registered  as  the  boiling-point  of 
the  liquid. 

Note. — This  reading  will,  however,  require  to  be  corrected,  if  the 
thread  of  mercury  in  the  thermometer  extends  above  the  cork.  The 
following  formula  gives  the  correction  to  be  added  : — 

N(T-<)x0'000143. 
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Here  N  is  the  number  of  degrees  on  the  thermometer-stem  which  are 
not  heated  by  tlie  vapour  ;  T  is  the  temperature  indicated  by  the 
thermometer ;  t  is  the  temperature  taken  by  placing  the  bulb  of  a 
second  thermometer  midway  between  the  cork  and  the  top  of  the 


Fig.  78. 


Determination  of  Boilino-Point. 

mercurial  column  during  the  process,  the  second  l)ulb  being  screened 
from  the  direct  heat  of  the  Bnnscn-flame  ;  and  0"000143  is  the  apparent 
coefficient  of  expansion  of  mercury. 

It  should  be  remembered  that  considerable  differences  of  atmos- 
pheric pressure  will  cause  appreciable  variations  in  the  boiling-point. 
All  the  boiling-points,  which  are  given  hereafter,  correspond  to  the 
normal  atmospheric  pressure  of  760  mm.  of  mercury. 

Experiment, — The  boiling-point  of  methylated  spirit  may  be  taken 
by  this  method.    It  should  be  approximately  78°  C. 
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ANALYTICAL  REACTIONS  OF  ORGANIC 
SUBSTANCES. 


TIL— ACID-RADICLES. 


Cyanide  (Cy). — Use  freshly-made  solution  of  KCy. 

The  alkaline  cyanides  .smell  faintly  ot  bitter  almonds,  owing  to  the 
evolution  of  HCy :  this  acid  is  intensely  poisonous. 

647.  AglTO.^ :  white  precipitate  (AgCy). 

This  precipitate  is  most  easily  obtained  by  pouring  a  drop 
of  the  KCy  solution  into  the  AglSTOg  solution. 

Show  with  three  separate  portions  of  the  precipitate  in  the 
liquid,  that  the  precipitate  is  soluble  in  KCy  solution  when 
it  is  added  in  excess,  and  in  AmHO,  but  is  insoluble  in 
dilute  HXO3. 

Filter  off  some  of  this  precipitate,  and  wash  it  well  with  hot  water, 
until  HCl  causes  no  railkiness  with  tlie  last  few  drops  of  the  washing 
water.  Then  dry  it,  scrape  it  from  the  filter  into  a  i)oreelain  crucible, 
and  heat  it  strongly  ;  metallic  silver  will  remain.  If  the  cool  residue 
is  warmed  with  a  little  dilute  HNO^,  it  will  dissolve,  giving  off  reddish 
brown  gas  ;  and  when  a  drop  of  HCl  is  added  to  this  solution,  a  curdy 
precipitate  (AgCl)  Avill  be  produced. 

This  method  of  examining  the  precipitate,  which  has  been  produced 
by  AgNO;j,  distinguishes  AgCy  from  AgCl,  AgBr,  and  Agl ;  these  are 
also  precipitated  by  AgNO..,,  and  are  insoluble  in  HNO.j :  but  when 
they  are  dried  and  strongly  heated,  they  fuse  without  undergoing  de- 
composition. Hence,  when  HNO.;  is  warmed  with  the  cool  mass  after 
fusion,  it  cannot  dissolve  out  Ag,  and  when  HCl  is  added  to  the  HNO.,, 
it  either  gives  no  precipitate,  or  it  causes  only  a  slight  milkiness,  which 
is  due  to  the  precipitate  not  having  been  perfectly  freed  from  soluble 
silver  salt. 

This  process  is  somewhat  tedious  and  need  seldom  be  used,  since 
cyanide  is  readily  detected  and  distinguished  by  the  following  reac- 
tions. 

648.  "  Prussian  Blue  "  test.— FeSO^  solution  and  Fe.,Clg 
solution  are  added  to  solution  of  cyanide,  and  the  liquid  is 
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then  made  strongly  alkaline  with  KHO,  and  boiled ;  it 
is  then  cooled  and  acidified  with  HCl :  Prussian  blue 
[Fe4"'(FeCy,j)3]  will  be  formed,  and  will  appear  as  a  deep 
blue  precipitate :  or,  if  the  quantity  of  cyanide  originally 
present  was  small,  a  bluish-green  solution  of  the  Prussian 
blue  will  be  obtained. 

If  no  cyanide  is  present,  the  addition  of  HCl  will  produce 
an  almost  colourless  and  perfectly  clear  liquid, 

649.  Formation  of  Snlphocyanide. — If  dilute  HoSO,  is 
added  to  a  cyanide,  in  a  test-tube  fitted  as  is  shown  in  figure 
7;>  (505),  and  then  a  small  piece  of  marble  is  dropped  in 
and  the  li(|uid  is  boiled,  HCy  will  be  carried  over  by  the 
CO.,  gas.  If  the  gas  is  allowed  to  bubble  through  some 
Am^,S  solution,  AmCyS  will  be  formed. 

If  the  solution  is  now  boiled  in  a  porcelain  dish,  and 
acidified  when  cold  with  HCl,  in  order  to  remove  unchanged 
Am.,S,  the  addition  of  several  drops  of  FeoClg  will  produce 
a  red  colour  (661).  The  colour  will  be  easily  seen  against 
the  interior  of  the  white  dish.  This  result  proves  that  HCy 
has  passed  into  the  Am.,S,  and  therefore  that  cyanide  was 
present  in  the  original  substance. 

A  little  of  this  red  li(iuid  should  be  added  to  some  HgClg 
solution.  If  the  red  colour  is  destroyed,  it  was  certainly  due 
to  the  presence  of  a  snlphocyanide. 

When  HCl  is  addcl  to  tlie  ATn^S  in  the  above  reaction,  white  S  will 
separate.  If  the  yellow  liquid  has  been  previously  boiled  in  a  porce- 
lain dish  until  it  becomes  colourless,  filling  in  distilled  water  to  pre- 
vent evaporation  to  dryness,  the  separation  of  S  on  the  addition  of  an 
acid  is  prevented.  But  this  separation  of  S  is  frequently  advantage- 
ous, since  its  whiteness  helps  to  show  up  even  a  faint  reddish  tint  in 
the  liquid. 

The  marble  is  added  in  order  to  cause  evolution  of  CO.^  gas  :  the 
escape  of  the  gas  lessens  the  risk  of  the  AmgS  being  sucked  back  dur- 
ing the  reaction  :  it  also  helps  to  carry  over  the  HCy  into  the  AnigS 
solution,  and  to  prevent  it  from  remaining  behind  in  the  test-tube. 

650.  The  Formation  of  Snlphocyanide  can  often  be 
more  simply  secured,  l)y  boiling  the  solution  of  the  cyanide 
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in  a  porcelain  dish  with  yellow  Am.,S.  The  Am^S  must  be 
added  until  the  yellow  colour  of  the  mixture  remains  after 
the  liquid  has  been  boiled  for  a  short  time.  If  a  dark- 
coloured  precipitate  is  formed,  this  must  be  allowed  to  settle, 
or  must  be  filtered  off,  before  the  yellow  colour  of  the  filtrate 
can  be  seen. 

The  whole  of  the  liquid  is  then  filtered,  if  necessary,  and 
is  acidified  with  HCl  in  the  porcelain  dish.  Fe.^Clg  is  then 
added  in  small  quantity  :  a  blood-red  colour  will  be  pro- 
duced, which  will  not  be  removed  when  the  liquid  is  heated 
or  is  mixed  with  a  little  dilute  HCl.  The  colour  will  be  at 
once  destroyed,  however,  when  a  few  drops  of  the  liquid  are 
added  to  some  HgCU  solution. 

Note. — The  methods  described  in  paragraphs  648,  649,  and  650  serve 
as  exceedingly  delicate  tests  for  C3'anide.  The  methods  in  648  and  649 
are  often  less  readily  performed  than  that  in  650,  but  they  exceed  it  in 
delicacy.  The  method  in  650  is  only  replaced  by  that  in  649  in  cases 
where,  after  the  substance  has  been  boiled  with  an  excess  of  AmgS,  the 
filtrate  is  dark  coloured  and  therefore  the  red  coloration  would  be  in- 
visible. 

The  reactions  in  648,  649  are  given  ])y  many  complex  cyanides 
(653-661). 

651.  HgCy.,  and  AgCy  do  not  show  the  Reactious  for  Cyanide  by 
methods  647,  648,  649,  but  when  they  are  boiled  witli  AmoS,  accord- 
ing to  method  650,  AniCyS  will  remain  in  the  filtrate  fiom  the  black 
precii)itate  of  sulpliide,  and  will  give  the  red  coloration  with  Fc^CIq. 

When  solid  HgCy.2  is  heated  in  a  small  tube  closed  at  one  end,  it 
gives  off  cyanogen  gas,  which  burns  with  a  peach -blossom  coloured 
flame  when  it  is  kindled. 

652.  Hydrogen  cyanide,  Hydrocyanic  acid  or  Prussic  acid  (HCy), 
is  a  colourless,  volatile,  inflammable  liquid  which  boils  at  26°  C.  It 
readily  mixes  with  water,  and  the  vapour  emitted  from  the  acid  or  its 
solution  smells  like  bitter  almonds.  The  acid  is  hii/hhj 2wisonoics  "when 
it  is  inhaled  as  vapour  or  swallowed  as  liquid.  Hydrocyanic  acid  is 
easily  detected  by  the  tests  which  have  been  already  given  for  a 
cyanide. 
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Ferrocyanide  {FeCi/^y\— Use  solution  of  K.jreCy^.3iroO. 
The  abbreviated  formula,  K^Cty.SHoO,  is  sometimes  used  (131). 

^53_  '   dark  blue  precipitate  of  Prussian  JJbie 

(Fe.,Cfy3):  insoluble  in  HCl,  soluble  in  II0C2O4  to  a  dark 
blue  liquid,  and  changed  by  KHO  into  brown  FegH^jO^. 

The  solubility  in  H.,0,  and  the  insolubility  in  IICl,  may  be  shown 
by  pouring  otl"  portions  of  the  liquid  containing  the  precipitate,  heat- 
ing them  with  HCl  and  with  HoU  resi)L'(;tively,  then  filtering,  and 
noting  whether  the  filtrate  is  rendered  blue  by  the  precipitate  under- 
going solution. 

654.  FeSO., :  light  blue  precipitate  (Fe'XCfy),  which 
becomes  darker  in  colour  by  oxidation  on  exposure  to  the 
air,  or  on  the  addition  of  CI-  or  Br- water,  or  when  it  is 
warmed  with  HNO3 :  insoluble  in  HCl. 

655-  CuSO^  :  a  chocolate-coloured  precipitate  (Cu".,Cfy), 
insoluble  in  IIA. 

656.  AgNO.;  :  white  precipitate  (Ag,,Cfy),  insoluble  in 
HiS'Og  and  in  AmllO.  AVhen  the  precipitate  is  heated  with 
liNO.j,  it  changes  to  orange-red  Ag.Cfy,  which  is  soluUe  in 
AmHO. 


Fbrricyanidb  (i/eC//,.)'".— Use  freshly-made  solution 

of  KgFeCy,. 

This  formula  is  sometimes  doubled  and  written  as  KB(FeCy,j)o.  It 
may  be  abbreviated  to  K;jCly. 

657.  Fe,Cl,;:  dark  green  or  brown  coloration;  no  preci- 
pitate is  formed,  as  may  be  seen  when  water  is  added  to  the 
liquid  until  it  becomes  transparent. 

658^680.^:  dark  blue  precipitate  of  TurnhulVs  Blue 
(Fe".,Cfyo)  :  insoluble  in  acids :  blue  colour  destroyed  by 
KHO. 
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659.  CuSO.j  :  yellowish  precipitate. 

660.  AgNO.j  :  orange-coloured  precipitate  (AgyCfy),  in- 
soluble in  HNO.j,  soluble  in  AmHO.  Frequently  a  white 
residue  of  Ag^Cfy  is  left  when  AmHO  is  added  ;  this  proves 
that  K^Cfy  was  present  in  the  KgCfy  solution. 


661.  Detection  of  Ferro-  and  Ferricyanide,— Feiio-  and  feni- 
cyanide  can  be  found  and  distinguished  by  tlieir  lirst  three  tests,  or  by 
the  precipitate  which  lias  been  given  by  AgNO;)  in  the  solution  acidi- 
fied with  HNO;,.  This  precijntate  will  have  a  more  or  less  decided 
orange-red  colour  if  a  ferricyanide  is  present.  If  the  precipitate  is 
separated  from  most  of  the  liqnid  by  filtration  or  decantation,  and  is 
gently  heated  with  AmHO,  white  AgjCfy  will  be  left  if  a  ferrocyanidc 
was  present,  and  when  the  filtered  animoniacal  liquid  is  acidified  with 
HNOy  orange-red  Ag.,Cfy  will  be  reprecipitated. 


SuLPHOCYANiDE  (CyS).— Use  solution  of  KCyS. 

662.  Fe.^Cl^  :  blood-red  coloration,  but  no  precipitate  :  the 
colour  is  weakened  but  not  destroyed  by  HCl :  it  disappears 
entirely  when  the  hquid  is  dropped  into  HgCl.,  solution, 
and  differs  in  this  respect  from  the  similar  coloration  which 
is  produced  by  certain  other  organic  acid-radicles. 


Formate. — Use  Sodium  formate,  NallCO^. 

Formic  acid  and  formates  much  resemble  acetic  acid  and  acetates. 
A  solid  alkaline  formate  fuses  and  chars  and  emits  CO  and  CO^  when 
it  is  strongly  heated. 

663.  I'e^Cl,;  imparts  a  deep  red  colour  to  the  solution  of 
a  formate ;  the  coloration  is  destroyed  by  the  addition  of 
HCl.  When  the  red  liquid  is  boiled,  basic  ferric  formate  is 
precipitated ;  and  the  hquid  becomes  colourless,  if  excess  of 
formate  was  present,  since  the  Fe  is  completely  precipitated. 
This  reaction  is  precisely  similar  to  that  for  acetate  (672). 


[664-f370.]    SULPIIOCYANIDE,  FORMATE,  ACETATE. 
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664.  AgNO.,,  or  Hgo(NO.,)o,  when  it  is  heated  witli  solution  of 
formate,  in  the  absence  of  free  acid  or  of  alkali,  yields  with  dilHculty  a 
precipitate  of  black  Ag  or  of  grey  Hg. 

665.  Silver  Mirror. — "When  solution  of  a  formate  is  gently 
heated  with  amraoniacal  solution  of  AgXOg,  it  gives  no  silver 
mirror  {Xote,  694).  But  free  formic  acid,  or  solution  of 
formate  which  has  been  acidified  with  HA,  gives  a  silver 
mirror  when  it  is  heated  with  AgXOg  solution. 

666.  HgCI,,  when  it  is  mixed  with  solution  of  formate, 
and  heated  to  about  70'  C,  yields  a  white  precipitate 
(HgoCl.,),  if  HCl  and  alkaline  chlorides  are  absent. 

667.  Strong  H.,SOj,  when  it  is  heated  with  a  formate, 
evolves  CO  gas,  which  burns  with  a  blue  flame.  No  char- 
ring or  blackening  occurs :  and  no  CO^,  is  evolved,  as  in  the 
case  of  an  oxalate  (675). 

If  a  formate  is  distilled  with  dilute  H^S04,  a  distillate  is 
obtained  which  emits  the  pungent  smell  of  formic  acid. 

668.  Formic  acid  (H^COJ  is  a  colourless  fuming  liquid 
with  a  pungent  smell:  it  boils  at  100°  C,  and  is  readily 
miscible  with  water,  with  alcohol,  and  with  ether.  It  is  a 
powerful  reducing  reagent. 


Acetate  (CoH.p^)  or  (A).— UseNaA.3H,0. 

669.  Ignition. — Many  solid  acetates,  if  they  are  strongly 
heated,  blacken  and  evolve  tlie  vapour  of  acetone;  this 
vapour  possesses  a  peculiar  smell,  and  l)urns  with  a  bright 
flame  when  it  is  kindled. 

670.  Strong  H,SO„  when  it  is  heated  with  an  acetate, 
evolves  vapour  of  iTA.  This  vapour,  if  it  is  smelt  in  large 
quantity,  is  very  pungent;  in  smaller  quantity  it  smells  like 
vinegar. 
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671.  Formation  of  Ethyl  acetate, — If  an  acetate  is  first 
mixed  with  a  little  alcohol,  and  then  with  strong  H.^SOj,  a 
fragrant  smell  of  ethyl  acetate  (CoH^A)  will  be  emitted  when 
the  mixture  is  warmed.  The  smell  is  most  pronounced 
when  the  liquid  is  allowed  to  cool  for  a  short  time,  and  is 
then  shaken  up. 

672.  Fe2Cly,  if  it  is  added  in  small  quantity  to  solution  of  an  acetate, 
causes  a  deej}  red  coloration. 

If  this  red  solution  is  hoiled,  the  Fe  is  preci])itated  as  light  brown 
basic  acetate  :  the  liquid  therefore  becomes  colourless,  if  au  excess  of 
acetate  was  present  in  the  liquid. 

The  red  colour  of  the  solution  is  changed  to  yellow  by  the  addition 
of  a  few  drops  of  dilute  HCl ;  it  is  distinguished  in  this  way  from  the 
coloration  which  has  been  caused  by  sulphocyanide  (661). 

673.  Cacodyl  reaction.— This  reaction  must  be  carried  out  with 
due  caution,  since  the  vapour  of  cacodyl  is  very  poisonous. 

When  a  solid  acetate  is  heated  with  a  minute  quantity  of  AS.2O;;,  a 
disgusting  smell  is  produced,  which  is  due  to  the  evolution  of  the  vapour 
of  cacodyl,  As(CH3)2. 

674.  Hydrogen  acetate,  or  Acetic  acid  (H.C,2H..O,,),  is  known  as 
glacial  acetic  acid.  At  temperatures  below  17°  C.  it  is  a  colourless 
crystalline  substance,  which  readily  melts  :  it  boils  unchanged  at 
118"  C,  giving  off  a  very  pungent  inflammalile  vapour.  This  acid  does 
not  redden  blue  litmus  test-paper  until  it  is  diluted.  It  is  miscible 
with  water,  Avith  alcohol,  and  with  ether  in  all  proportions. 

 ~ 

Oxalate  (C.p,).— Use  Am.,C,04.2H.p. 

575.  Strong  H.,SO^,  if  it  is  heated  with  a  solid  oxalate, 
causes  an  effervescence,  which  is  due  to  the  evolution  of  a 
mixture  of  CO  and  CO.^ : — 

Am,C.A  +  3ILS0,  =  CO  +  CO,  +  2AmHS0,  +  H,SO,.H,0  . 

The  CO  may  be  detected  by  burning  Avith  a  blue  flame 
when  a  light  is  applied,  and  the  CO2  is  found  by  rendering 
lime-water  milky  (505,  1,  3,  4). 

No  blackening  or  charring  is  caused  by  strong  H.^SO^. 


[676-679.] 


OXALATE. 
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Oxalates  differ  in  this  respect  from  most  other  organic  acids 
and  tlieir  salts. 

676.  Solution  of  CaCl,,  of  CaSO.i,  or  of  CaH,0^„  when 
it  is  added  to  solution  of  an  oxalate,  gives  a  white  precipi- 
tate (CaC.p,,),  which  is  insoluble  in  AmHO  and  in  HA, 
l)ut  soluble  in  HCl  and  in  UNO.    Keep  this  precipitate. 

677.  Conversion  into  Carbonate  by  Ignition. — Filter 
off  the  precipitate  of  CaC.p^  (676),  and  pour  upon  part  of  it 
some  dilute  HCl ;  it  will  not  eifervesce.  Dry  the  remainder 
of  the  precipitate,  and  heat  it  for  a  moment  to  dull  redness 
on  platinum  foil ;  it  will  be  converted  'witliout  blackening 
into  CaCOg,  and  this  will  ell'ervesce  when  dilute  HCl  is 
poured  upon  it. 

This  is  a  general  test  for  oxalate  of  K,  Na,  Ba,  Sr,  or  Ca  ;  since  each 
of  these  oxalates,  when  it  is  ignited,  leaves  a  carhovate,  which  effervesces 
with  an  acid.  Many  other  organic  salts  of  these  metals  undergo 
a  precisely  similar  change  when  they  are  ignited,  but  the  change  of 
these  salts  is  usually  attended  by  charring. 

678.  Evolution  of  CO.^  by  Oxidation. — When  an  oxalate,  in  the 
solid  state  or  in  strong  solution,  is  heated  with  MnOg  and  H.^SOj,  it 
evolves  COo  : — 

Am.,a04  +  ^InO^  +  3H.,S0i  =  200.,  +  MnSO^  +  2AmHS04  +  2H2O  . 

Note. — Since  commercial  MnO.j  often  contains  some  carbonate,  it  will 
frc([uently  give  off  COo  when  it  is  treated  with  HoSOj  alone. 

If  the  MnOo,  which  is  to  be  used  in  the  test,  is  not  known  to  bo 
free  from  carbonate,  it  is  best  to  add  a  little  H2SO4  to  the  MnO.2  in  a 
test-tube,  and  then  heat  the  liquid.  If  COg  is  found  in  the  tube,  the 
heating  shoidd  be  continued,  and  the  CO.,  should  be  removed  occa- 
sionally by  sucking  fresh  air  into  the  test-tube  through  a  glass  tube 
which  is  iiushed  down  near  to  the  surface  of  the  liquid. 

As  soon  as  no  CO.2  can  be  detected  in  the  tube  after  it  has  been 
heated  for  a  short  time,  the  liquid  being  still  distinctly  acid,  the  oxal- 
ate is  added  and  the  mixture  is  again  heated.  CO.j  will  be  rapidly 
given  oil'  from  the  oxalate,  and  may  be  detected  by  the  ordinary  methods 
(505,  1,  3,  4). 

679.  AgNO.j  gives  a  white  precipitate  {kg.,0.f>^),  which  docs  not 
darken  in  colour  when  it  is  heated. 
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680.  Hydrogen  oxalate,  or  Oxalic  acid  (H.^C.P4.2H.p),  crystcallises 
in  colourless  rhombic  crystals,  wliich  are  soluble  in  water  anil  in  alcohol, 
anil  slightly  soluble  in  ether.  The  acid  melts  at  100°  C,  and  at  150°  C. 
it  partly  sulilimes  unaltered  evolving  vapour  which  causes  coughing, 
and  is  partly  decomposed,  HoC.A=H.COOH  +  CO.^.  It  yields  the 
reactions  in  ]iars.  675  and  676.  'J'hc  crystals  dissolve  readily  in  water, 
lU'oilucing  an  acid  poisonous  liquid. 


Succinate. — Use  Ammonium  succinate,  Am2C4H^O^. 
Bbnzoate. — Use  Ammonium  benzoate,  AmC-Hr,©.,. 

681.  Succinic  acid  and  succinate  frequently  smell  of  amber,  while 
benzoic  acid  and  benzoates  commonly  emit  an  aromatic  smell  of  gum 
benzoin. 

Succinate  and  benzoate  closely  resemble  one  another  in  their  ana- 
lytical reactions  ;  the  following  differences  are  therefore  important. 

682.  Distinctive  Properties. — Succinic  acid  crystallises  in 
monoclinic  prisms,  which  melt  at  182°  C.  :  it  is  readily- 
soluble  in  water. 

Benzoic  acid  usually  crystallises  in  lustrous  flat  plates, 
which  melt  at  121°  C.  It  is  only  slightly  soluble  in  cold 
water ;  the  acid  is  therefore  partially  precipitated  from  its 
solution  in  alcohol  when  water  is  added,  and  when  strong 
HCl  or  any  other  strong  acid  is  added  to  an  aqueo\is  solution 
of  a  benzoate. 

683.  Ignition. — When  succinic  acid  and  benzoic  acid  are 
heated  they  emit  fumes,  which  are  very  irritating  to  the 
throat,  and  which  cause  coughing  when  they  are  inhaled. 
Benzoates,  however,  give  off  benzene  when  they  are  heated 
with  soda-lime  :  the  benzene  is  recognised  by  its  smell  and 
by  burning  with  a  smoky  flame,  and  by  the  properties 
described  in  paragraphs  790,  791- 

684.  BaCl.,  solution,  when  it  is  added  together  with  much 
alcohol,  precipitates  succinates  but  not  benzoates.  A  similar 
diflerence  is  shown  with  CaClg. 


[685-C92.]  SUCCINATE,  BENZOATE,  MALATE,  TARTRATE.  2C3 


685.  Fe.Cl,;  gives  a  roddUh-'broicn  precipitate  with  suc- 
cinate, and  a  'pale  brown  or  hujf  precipitate  with  benzoate. 

If  the  ferric  benzoate  precipitate  is  treated  with  strong 
TTCl,  benzoic  acid  separates  in  crystalline  scales. 


]\rAi.ATE. — Use  solution  of  Malic  acid  (C.JT,;Or,)  which  has 
been  carefully  neutralised  by  Ami  LO. 

686.  This  acid  is  a  colourless,  crystalline,  deliquescent 
substance,  having  a  pleasant  sour  taste  :  it  is  readily  soluble 
in  water  and  in  alcohol,  but  not  in  ether. 

687.  CaCl., ;  the  addition  of  CaClg,  followed  by  boiling  or 
by  the  addition  of  alcohol,  produces  a  white  precipitate  in  a 
neutral  solution.  This  precipitate  is  soluble  in  AmllO. 
(Difference  from  citrate.) 

688.  PbA.,  gives  a  white  precipitate,  which  fuses  and 
then  dissolves  when  it  is  heated  with  sufficient  water.  If 
this  precipitate  is  transferred  to  a  piece  of  porcelain  and 
heated,  it  swells  up  into  a  light  puffy  mass. 

689.  AgNO.j  gives  a  white  precipitate,  which  becomes  grey 
when  it  is  heated. 

690.  Strong  H.^SOp  when  it  is  heated  with  a  malate, 
CO  and  CO.,,  and  the  liquid  gradually  darkens. 


Tartrate  (C^H,0,;)  or  (T).— For  a  Neutral  tartrate,  use 
KNaT;  for  an  Acid  tartrate,  ll.fV  or  NallT. 

691.  Ignition, — "When  a  solid  tartrate  is  heated  strongly 
in  a  tube,  it  chars  and  gives  off  a  smell  of  burnt  sugar. 

692.  Strong  H,SO^,  when  it  is  heated  with  a  soHd  tartrate, 
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causes  rapid  blackening  and  evolution  of  a  mixture  of  CO, 
CO^,  and  SO.,.  Accordingly,  if  the  mixed  gases  are  passed 
successively  through  K.,Cr.,0-  solution  and  through  lime- 
water,  SOo  and  00^  will  be  detected  (505,  519) ;  the  resid- 
ual CO  gas  may  then  be  kindled,  and  it  will  burn  with  the 
characteristic  blue  flame  of  CO. 

693.  AgNOy  produces  in  the  strong  solution  of  a  neutral 
tartrate  a  white  curdy  precipitate  (Ag^T),  which  is  soluble 
in  AmHO  and  in  HNO3.    Keep  this  precipitate. 

694.  Production  of  a  Silver  Mirror. — Allow  some  of 
the  precii^itate  from  the  preceding  reaction  to  settle  in  a 
test-tube,  and  decant  as  much  of  the  clear  liquid  as  possible. 

Then  pour  very  dihite  AmHO  drop  by  drop  into  the  tube, 
until  the  precipitate,  after  it  has  been  shaken  up  with  the 
liquid,  is  nearly  but  not  quite  dissolved. 

Now  place  the  test-tube  in  some  cold  water  in  a  beaker, 
and  heat  the  water  to  about  60°.  A  brilliant  mirror-like 
film  of  Ag  will  be  deposited  upon  the  interior  of  the  tube. 

Note. — If  the  original  solution  of  the  tartrate  is  dilute,  the  mirror  is 
most  easily  obtained  as  follows.  Very  dilute  AmOH  is  added  to  solu- 
tion of  AgNO;,  until  the  precipitate  which  forms  at  first  is  nearly 
redissolved.  This  reagent  is  added  to  the  neutral  tartrate  solution. 
When  the  mixture  is  v.'armed,  the  mirror  will  be  formed. 

If  the  liquid  is  quickly  boiled,  the  Ag  will  be  deposited  as  a  dull  black 
precipitate,  which  does  not  adhere  to  the  glass,  and  is  not  characteristic. 

695-  CaClj  precipitates  from  the  solution  of  a  neutral 
tartrate  white  or  crystalhne  CaT :  this  precipitate  often 
separates  only  after  the  liquid  has  been  shaken  well,  and 
has  then  been  allowed  to  stand  for  a  time.  It  is  soluble  in 
acids,  and  its  formation  is  retarded  by  the  presence  of  AmCl 
or  of  an  Am-salt. 

When  this  precipitate  is  freshly  formed,  it  is  completely  soluble  in 
strong  cold  KHO  solution,  which  is  free  from  K0CO3.  When  this 
alkaline  solution  of  the  tartrate  is  boiled,  the  CaT  is  reprecipitated  ; 
but  it  dissolves  agaiu,  more  or  less  completely,  when  the  liquid  is  cold. 


[696-699.] 


TARTRATE. 
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Decant  the  clear  liquid  from  the  CaT  precipitate,  and  pour 
upon  the  precipitate  a  little  very  dilute  AmllO.  Then  drop 
in  a  small  crystal  of  AgNC)3,  and  heat  slowly.  A  silver 
mirror  will  form  on  the  part  of  the  glass  on  which  the 
crystal  of  AgxsO^  rests. 

696.  KCl,  or  better  KA,  if  it  is  added  to  the  solution  of 
an  acid  tartrate,  or  to  solution  of  a  neutral  tartrate  which 
has  been  acidified  with  llA,  gives  a  white  crystalline  preci- 
pitate (KIIT);  this  precipitate  forms  slowly  unless  the 
liquid  is  vigorously  stirred  or  shaken. 

The  precipitate  is  soluble  in  caustic  alkalis  and  in  mineral 
acids,  but  is  almost  insoluble  in  alcohol;  hence  alcohol  is 
often  added  to  hasten  the  precipitation. 

697.  FeoClji  solution,  if  it  is  added  in  small  quantity  to  solution  of  a 
tartrate,  undergoes  no  precipitation  when  the  liquid  is  made  strongly 
alkaline  by  the  addition  of  KHO  or  AniOH. 

The  precipitation  of  several  other  metals  (such  as  Al,  Mn,  and  Cu) 
from  their  solutions  by  alkaline  hydrates,  is  similarly  prevented  by  the 
presence  of  a  tartrate.  This  is  owing  to  the  formation  of  a  double  tar- 
trate, which  is  not  decomposed  by  the  alkali. 

698.  Hydrogen  peroxide.  If  a  few  drops  of  the  peroxide 
are  added  to  a  tartrate  solution,  then  some  FeSO^  solution 
and  excess  of  KOII,  a  violet  coloration  will  be  produced. 
(Difference  from  citrate.) 

Instead  of  adding  H2O2,  NaOCl  solution  may  be  added  to  the  tar- 
trate solution  which  lias  been  previously  acidified  witli  HA. 

699.  Hydrogen  tartrate,  or  Tartaric  acid  (H./r),  forms  colourless 
rhombic  crystals,  which  are  not  altered  by  exposure  to  the  air.  Tlie 
solid  acid  melts  at  170"  C,  :  it  has  a  pleasantly  sour  taste,  and  is  soluble 
in  water  and  in  alcohol,  but  not  in  ether. 

Tbe  solid  acid  is  identified  by  heating  it  either  alone  or  with  strong 
H.,SOj(69i,  692).  If  the  solid  acid  is  dissolved  and  the  solution  is 
neutralised,  it  also  yields  the  reactions  in  693-695. 

Note. — Tartar  Emetic  does  not  give  the  above  reactions  for  a  tar- 
trate until  the  Sb  has  been  removed. 
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Citrate. — Use  Sodium  citrate,  Xa„CgHr^C)-.2H._,0. 

700.  A  citrate  much  resembles  a  tartrate  and  an  oxalate 
in  its  reactions  ;  it  differs  by  emitting  pungent  acid  fumes 
when  it  is  carbonised  by  heat,  and  by  darkening  when  it  is 
heated  with  strong  HoSOj  only  after  the  mixture  has  been 
heated  for  some  time  and  inflammable  gases  have  escaped. 

Citrate  differs  from  tartrate  by  giving  no  precipitate  with 
IvA  solution  (696),  and  no  violet  colour  in  the  reaction  in 
paragraph  698. 

701.  CaCl.,,  or  Lime-water,— Calcium  citrate  is  only 

precipitated  after-  long  danding,  or  when  the  liquid  is  boiled, 
after  the  addition  of  either  a  large  excess  of  lime-water,  or  of 
a  mixture  of  AmlK  ),  AmCl,  and  CaCIo.  This  precipitate  is 
insoluble  in  KIIO.     (Difl"erence  from  CaT.) 

702.  AgNO^  gives  a  white  precipitate,  which  becomes 
grey  when  it  is  heated.  Solution  of  citrate,  if  it  is  gently 
heated  with  ammoniacal  AgNOg  solution,  causes  either  very 
shght  precipitation  of  Ag  or  none  at  all  (694).  (Difference 
from  tartrate.) 

703.  Hydrogen  citrate,  or  Citric  acid  (HgCijH^O^.H^O), 
crystallises  in  transparent  rhombic  prisms.  It  is  very 
soluble  in  water,  less  soluble  in  alcohol,  and  only  shghtly 
soluble  in  ether.  It  melts  at  100''  C,  losing  water  and 
forming  aconitic  acid,  and  finally  blackens,  giving  off 
irritating  fumes. 


Salicylate. — Use  Salicylic  acid,  CKHjjOg. 

704.  Ignition. — Salicylic  acid  melts  at  157°,  and  at  a 
somewhat  higher  temperature  it  decomposes  into  CO.,  and 
phenol  or  carbolic  acid  (CyHgO).  It  is  sparingly  soluble  in 
cold  water,  but  readily  soluble  in  hot  water. 


[705-712.]  CITRATE,  SALICYLATE,  TANNATE,  GALLATE.  267 


705.  Ignition  with  Soda-linie. — The  decomposition  of 
sahcyHc  acid  by  heat  is  rapid  and  complete,  if  the  acid  has 
been  mixed  with  excess  of  soda-lime  before  it  is  heated  : 
phenol  condenses  as  a  Avhite  crystalline  snblimate  in  the 
cooler  part  of  the  tube. 

706.  Fe._,Cl,;. — The  solution  of  salicylic  acid  becomes  violet 
when  FcoCI,;  solution  is  added ;  this  colour  is  destroyed  by 
IICI  but  not  by  HA.    (Dilference  from  phenol.) 

707.  Heated  with  H.^SOj  and  Methyl  alcohol,  salicylate 
gives  a  fragrant  smell  of  methyl  salicylate  (oil  of  winter- 
green). 

708.  H.SO.,  and  Nitrite.— The  addition  to  salicylate  of 
strong  HoSOp  which  has  been  mixed  with  a  small  quantity 
of  G  per  cent,  aqueous  solution  of  KNO^„  causes  a  permanent 
red  coloration.    (Difference  from  phenol.) 


Tanxatb,  Gallate. — Use  Tannic  acid,  C^J-IiyOc),  and 
Galhc  acid,  CII.O,. 

709.  Tliese  acids  and  tlicir  salts  resemble  one  aiiother  in  many 
analyti(!al  reactions.  Tannic  acid  is  fairly  solnblo  in  cold  water,  but 
gallic  ai-id  is  only  slightly  soluble.  The  following  diirtTonces  are 
important. 

710.  Fe.^Cl,,  yields  a  hluish-UacI:  precipitate  with  each  of 
these  acids.  The  precipitate  which  has  been  caused  by  gallic 
acid  disappears  when  the  liquid  is  boiled. 

711.  CuSO^,  in  ammoniacal  solution,  gives  a  greenish- 
coloured  precipitate  at  once  with  a  tannate. 

With  a  gallate  either  the  precipitate  is  not  produced  at  all, 
or  it  forms  only  after  a  time. 


712.  KCN,  if  it  is  freshly  dissolved,  gives  a  red  coloration 
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with  a  gallate ;  tlio  colour  gradually  fades,  but  it  reappears 
Avheii  tlie  liquid  is  shaken. 

No  colour  is  produced  when  KCy  solution  is  added  to 
a  tannate. 

713.  Strong  H^SO  J,  when  it  is  heated  with  a  tannate,  gives 
a  brown  coloration. 

With  gallate  a  rich  red  coloration  is  produced  which 
changes  to  claret. 

In  each  case  SO^  is  eventually  evolved. 

714.  Gelatine  is  precipitated  from  its  solution  by  tannic 
acid.    Gallic  acid  does  not  precipitate  gelatine. 


Meconate. — Use  solution  of  Meconic  acid,  C-Il4(  );.3H._,(), 
neutralising  it  with  dilute  AniOH. 

715.  Meconic  acid  is  present  in  opium  and  in  opium  extracts.  It 
forms  colourless  crystalline  scales,  which  arc  slightly  soluble  in  cold 
water,  and  readily  soluble  in  hot  water  and  in  alcohol. 

716.  FeoCl,3. — Meconic  acid  may  be  detected  by  the  pro- 
duction of  a  dee-p  red  coloration  when  it  is  mixed  with 
Fe.,Cl,; ;  this  colour  is  with  difficulty  destroyed  by  HCl. 

This  coloration  also  differs  from  that  caused  by  an  acetate 
or  by  a  formate,  by  not  disappearing  when  the  liquid  is 
boiled  :  it  may  be  distinguished  from  ferric  sulphocyanide  by 
not  being  destroyed  when  the  liquid  is  dropped  into  solution 
of  HgClo. 

717.  PbA.,  solution  gives  a  white  precipitate  of  lead 
meconate  in  solution  of  a  meconate. 

718.  CaClo  solution  gives  a  white  precipitate  [Ca3(C;H0-).J 
in  neutral  solution  of  a  meconate. 

719.  AgNOg  gives  in  strong  solution  of  a  meconate  a  white 
precipitate  of  Ag^H^vO-,  which  changes  to  bright  yellow 
AggHC^Oy  when  a  drop  of  AmHO  is  added. 


[720-731.]    MECONATE,  URATE,  IIIPPUKATE,  PICRATE.  269 


UiiATE. — Use  Potassium  urate,  KC5lT;jN40;.. 

720.  Uric  acid  is  u  white  crystalline  powder,  wdiich  is  almost  in- 
soluble in  hot  and  cold  water. 

721.  HNO.J  dissolves  tlie  ;u  id  with  edervescence  :  if  this  solution  is 
evaporated  to  dryness  in  a  porcelain  dish,  and  tlie  residue  is  then 
moistened  with  AnillO  unless  AmllO  was  originally  present,  briglit 
red  viurcxidc  is  formed  ;  tins  becomes  purple  when  KHO  is  added. 

722.  HCl  precipitates  white  uric  acid  from  solution  of  a  urate. 

723.  Ignition. — When  a  urate  is  heated  in  an  ignition-tube  it  chars 
and  gives  olf  NH3. 


IIu'ruuATE. — Dissolve  Hippuric  acid,  CaHaNO;;,  in  very  dilute  AmOII 
solution,  and  neutralise  if  necessary. 

724.  This  acid  occurs  in  colourless  prismatic  crystals  :  it  lias  a  bitter 
taste  and  a  strongly  acid  reaction  :  it  is  only  slightly  soluble  in  cold 
Wiiter,  but  is  freely  soluble  in  hot  water  and  in  alcohol. 

725.  HCl  causes  a  white  crystalline  precipitate  of  hippuric  acid  in  a 
neutral  solution  of  a  hippurate. 

726.  FeoClg  causes  a  flesh-coloured  precipitate:  this  is  decomposed 
by  HCl,  with  separation  of  crystalline  needles  of  hippuric  acid. 

727.  AgNO.,  gives  a  white  precipitate. 

728.  Ignition  with  Soda-lime. — "When  a  solid  hippurate  is  heated 
with  soda-lime,  it  evolves  NHy  and  benzene  (CgHy). 


PlCRATE,  AND  PiCRIC  AciD  OK  TRINITKO-rHENOL,  C,;!  l;.(XOo)..U. 

729.  Picric  acid  is  a  yellow  crystalline  substance,  which  melts  at 
122"5''  C.  It  is  intensely  bitter  and  stains  the  skin  yellow.  It  is 
very  .slightly  soluble  in  cold  water,  but  is  soluble  in  hot  water,  in 
alcohol,  and  in  ether.    The  metallic  picrates  are  very  explosive. 

730.  Ignition.— "When  picric  acid  is  heated  in  an  ignition-tube,  it 
fuses,  then  explodes  slightly,  and  gives  off  dense  black  fumes. 


731.  Bleaching  Powder  :  when  picric  acid  is  heated  with  bleaching- 
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KEACTIONS  OF  THE  ALKALOIDS.  [732-738.] 


powder  solution,  it  gives  oil'  a  pungent  odour  resembling  that  of 
mustard-oil  ;  this  is  due  to  the  formation  of  chlorpicrin. 

732.  KHO  and  Glucose,  when  they  are  heated  with  picric  acid,  yield 
a  brown  colour  :  this  is  due  to  the  formation  of  picramic  acid. 

733.  Ammonia-copper  sulphate  solution,  made  alkaline  with 
AniHO,  gives  a  bright  green  ja'ccipitate. 


IV.— ALKALOIDS. 


General  Properties  of  Alkaloids. 

734.  Most  Alkaloids  are  basic  substances,  and  resemble 
NH3  in  their  behaviour  with  acids.  Their  solutions  arc 
alkaline  to  test-paper ;  the  solutions  of  their  salts  are  either 
neutral  or  acid  in  reaction.  The  free  alkaloids  are  almost 
insoluble  in  water,  hence  solutions  of  their  salts  must  be 
employed  for  trying  the  liquid  reactions. 

General  Reactions  op  Alkaloids. 

735.  Na^COg  precipitates  the  hydrated  alkaloid  from 
strong  solution  of  its  salt. 

736.  Phospho-molybdic  acid  causes  a  yellow  precipitate 
in  the  solution  of  an  alkaloid. 

Note. — This  reagent  is  prepared  as  follows: — The  solution  of 
ammonium  molybdate  in  nitric  acid  (1162,  72)  is  precipitated  by  the 
careful  addition  of  sodium  phosphate  solution  (1160,  14).  The  precipi- 
tate is  well  washed,  and  is  then  dissolved  in  Na2C0;.  solution.  Tliis 
solution  is  evaporated  to  dryness  and  the  residue  is  ignited.  Water  is 
then  added  and  warmed  with  tlic  residue,  which  is  finally  dissolved  by 
adding  considerable  excess  of  HNOg. 

737.  Iodine  dissolved  in  KI  solution  gives  a  reddish- 
brown  precipitate  in  the  solution  of  an  alkaloid. 

738.  Ignition. — When  an  alkaloid  is  heated  on  platinum 
■foil  it  burns  with  a  bright  smoky  flame  :  and  when  it  is 
Keatcd  with  soda  lime  it  evolves  NH^. 


[730-744.] 


271 


Quinine. — Use  Qviinine  sulphate,  CooH.jiN^O^.H.^SOi.TIIoO. 
CiNcnoNiNB. — Use  Cinclioiiine  sulpliate,  Cp)H^,^,N^O.HoS()^. 

739.  HCl  and  Ignition. — Both  quinine  and  cinchoninq, 
when  they  are  mixed  with  HCl  and  evaporated  to  dryness, 
leave  residues,  which,  when  they  are  ignited,  evolve  purple 
vapour  similar  in  appearance  to  iodine  vapour. 

740.  Fluorescence. — When  quinine  sulphate  is  being  dis- 
solved in  water,  a  few  drops  of  dilute  lI.,SO.j  should  be 
added ;  the  solution  is  intensely  bitter,  and  gives  a  pale  blue 
fluorescence. 

The  similar  solution  of  pure  cinchonine  sulphate  is  not 
fluorescent. 

741.  Alkaline  hydroxide  or  carbonate  precipitates 
hydrated  quinine  from  fairly  strong  solutions  of  a  quinine 
salt ;  this  precipitate  disappears  when  the  liquid  is  shaken 
with  ether. 

The  corresponding  cinchonine  precipitate  is  not  dissolved 
l)y  ether. 

742.  Br-water,  or  Cl-water,  when  it  is  added  in  small 
(quantity,  does  not  colour  a  solution  of  quinine  :  but  if  AmllO 
is  afterwards  added,  an  intense  emerald-(jreen  colour  appears. 

Cinchonine  solution  under  these  conditions  yields  a  yellow- 
ish-white precipitate. 

743.  Br-water,  or  Cl-water,  and  K,FeCy,..— If  the  addition 
of  J'>r-  or  Cl-water  to  quinine  solution  is  followed  by  the  addi- 
tion of  KjFeCyu  solution  and  one  or  two  drops  of  KUO  solu- 
tion, a  deoi)  red  tint  is  produced.  This  colour  quickly 
changes  to  dirty  brown  :  it  is  destroyed  by  HA,  but  reappears 
when  AmllO  is  cautiously  added. 

744.  K^FeCy,;  gives  a  yellow  precipitate  in  cinchonine 
solution  :  the  precipitate  is  easily  soluble  in  excess :  it  is  also 
soluble  in  hot  water,  and  crystalhses  from  this  solution  as  it. 
cools. 
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[745-750.] 


MoPwPniNE. — Use  ]\Iorphine  liydrochlorate, 
C^.HigNOg.HCl.  311,0. 

745.  Tliis  alkaloid  is  present  in  opium  and  in  opium  extracts  :  it  is 
prepared  from  opium. 

746.  KHO  or  AmHO  yields  a  white  precipitate,  wliicli  is 
soluble  in  excess  of  the  reagent. 

747.  HNO3. — The  strong  acid  produces  a  yellowish-red 
colour,  which  does  not  change  to  violet  on  the  addition  of 
SnCl.,.    (Difference  from  brucine.) 

748.  Fe.,Cl^;  solution  :  if  the  neutral  solution  is  added 
drop  by  drop  to  neutral  morphine  solution,  it  produces  a  dca-Jc 
blue  colour  :  this  colour  disappears  when  an  acid  is  added. 

749.  Iodic  acid,  when  it  is  added  to  morphine  and  its 
salts,  yields  free  iodine.  The  separation  of  iodine  is  shown 
by  the  liquid  becoming  brown  ;  but  the  iodine  is  more  cer- 
tainly and  readily  detected  by  adding  starch-solution,  or  by 
shaking  the  liquid  with  CS^  (565,  2,  3).  The  brown  colora- 
tion of  the  solution  becomes  more  intense  on  the  addition  of 
AmHO. 

This  test  is  very  delicate  and  characteristic,  if  the  solid  substauce 
is  moistened  with  a  solution  of  one  part  of  iodic  acid  in  fifteen  of 
water,  and  solution  of  one  part  of  starch  in  four  hundred  of  water  is 
then  added.  When  very  dilute  AmHO  is  poured  upon  the  blue  solution 
thus  obtained,  a  coloured  ring  is  seen  at  the  surface  of  contact  of  the 
two  liquids  ;  the  ring  is  blue  below  and  brown  above. 

This  reaction  serves  to  distinguish  morphine  from  other 
organic  substances  which  contain  nitrogen. 

750.  H.,SO,  gives  no  colour,  when  it  is  added  to  a  solution 
containing  morphine ;  but  when  a  crystal  of  K^Cr.^-  is 
dropped  into  the  acid  liquid,  contained  in  a  white  porcelain 
dish,  and  the  crystal  is  slowly  moved  about  with  a  glass  rod, 
an  intense  green  colour  appears.  Quinine  gives  a  similar 
reaction. 


[751-755.] 


MORPHINE,  STRYCHNINE. 
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751.  H.,SO^  and  K.Cr._.0,.— If  solid  morphine  or  any  of 
its  compounds  is  dissolved  by  heating  it  with  a  few  drops  of 
strong  Pr.,SO  J,  and  a  minute  quantity  of  HNO3  is  added  to 
tlie  coki  sohition,  a  deep  rod  colour  is  produced.  Tliis  colour 
turns  to  a  mahogany  tint  Avhen  a  fragment  of  KoCroO^  is 
dropped  into  tlio  liipid. 

752.  AmHMoO, :  solution  of  the  molybdato  in  strong 
i  r.jSO^  produces  an  intense  purple  coloration,  which  changes 
to  blue. 


Strychnine. — Use  Strychnine,  C^HgaNoO^. 

753-  Wlien  strychnine  is  being  dissolved  in  water,  a  drop  of  dilute 
II2SO.,  should  be  added.  The  solutions  of  strychnine  are  very 
jioisonous  :  they  possess  an  intensely  bitter  taste  even  when  they  are 
extremely  dilute. 

754.  H.^SOj  and  K^Cr^O-. — Strychnine  dissolves  in  strong 
HoSOj  to  a  colourless  liquid.  When  a  fragment  of  K.^Ct^^O^ 
is  added  to  this  solution  in  a  porcelain  dish,  and  is  slowly 
moved  about  by  pushing  it  with  a  glass  rod,  a  hluish-violet 
coloration  is  produced,  which  gradually  changes  to  red  or 
yellow. 

The  presence  of  morphine,  or  of  a  metallic  chloride  or 
nitrate,  interferes  with  this  reaction.  If  any  of  these  sub- 
stances are  present,  the  strychnine  may  be  precipitated  by 
the  addition  of  solution  of  ICFeCy^,  or  of  K„CrO,j ;  the 
precipitate  is  fdtered  off  and  slightly  washed  on  the  filter, 
and  is  then  stirred  with  strong  H,,S04. 

755-  HNO.j.— The  cold  strong  acid  dissolves  strychnine 
Avitliout  becoming  coloured,  but  the  solution  acquires  a  yellow 
tint  when  it  is  heated. 
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REACTIONS  OF  NAKCOTINE,  BEUCINE,  [756-782.] 


Narcotine.— Use  Narcotine,  or  its  sulphate. 

756.  Narcotine  is  present  in  opium,  but  it  is  not  extracted  from 
opium  by  the  processes  usually  employed  for  obtaining  morphine. 

757.  H.,SO^ :  the  strong  acid  gives  a  Nuish-violet  colora- 
tion, which  changes  to  orange ;  with  some  specimens  a  yellow 
solution  is  produced  at  once. 

When  this  liquid  is  gradually  warmed,  it  becomes  first 
orange-red  and  then  hluish-violet,  or  purple  stripes  proceed 
from  the  edge  of  the  liquid  surface  :  when  the  liquid  is  cooled, 
the  colour  changes  to  cherry-red.  If  the  heating  is  pushed 
to  the  initial  evaporation  of  the  acid,  an  intense  reddish-violet 
colour  is  produced. 

758.  H,,SO  j  and  K.,Cr.,0-. — If  narcotine  is  subjected  to  the 
reaction,  which  has  been  already  described  for  morphine  in 
paragraph  751,  an  intense  red  coloration  is  produced. 

759.  HNO3 :  the  strong  acid  produces  a  yellow  coloration 
in  the  cold  liquid :  this  changes  to  red  when  the  liquid  is 
heated,  but  fades  to  yellow  again  as  the  liquid  cools. 


Bkucine.— Use  Brucine,  Co3H26'N204.4H20,  or  its  sulphate. 

This  substance  may  be  dissolved  in  water  to  which  a  drop  of  H0SO4 
has  been  added. 

780.  HNO3 :  the  strong  acid  yields  an  intensely  red  coloration,  which 
gradually  changes  to  yellowish-red  and  yellow  when  the  liquid  is  heated. 
When  SnClg  is  added  to  this  hot  solution,  it  assumes  au  iutense 
violet  colour.    (Difl'erence  from  morphine.) 

781.  H2SO4 :  the  strong  acid  produces  a  rose-coloured  solution,  which 
changes  to  yellow. 

782.  H2SO4  and  KgCroOy  :  if  the  reaction  which  has  already  been 
described  for  mori)hine  {751)  is  carried  out  with  brucine,  the  liquid 
becomes  red,  but  quickly  changes  to  yellow. 


[783-788.] 


CAFFEINE,  TUKPENTINE. 
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Caffeine,  on  Theine,  CaHjoNjO.,.  E^O. 

783.  Caffeine  is  a  colourless  substance  which  forms  needle-like 
crystals.  It  melts  at  225°  C,  and  sublimes  unchanged.  It  is  slightly 
soluble  in  cold  water,  and  readily  soluble  in  hot  water.  It  is  fairly 
soluble  in  alcohol  and  in  ether. 

784.  Formation  of  Murexide. — If  even  a  <mce  of  caffeine  is  mixed 
wiili  strong  UNO.,  anil  then  evaporated,  a  yellow  residue  remains  :  this 
assumes  an  intense  violet  colour  when  AmHO  is  poured  upon  it. 

785.  Chlorine-water. — If  chlorine  water  is  added,  and  the  mixture 
is  evaporated,  a  brown  residue  is  obtained:  this  residue  dissolves  in 
AmHO  and  yields  a  violet-red  solution. 


v.— HYDKOCARBONS. 

Note. — All  boiling-points  are  assumed  to  be  taken  under  the  normal 
atmos[)lieric  pressure  of  760  millimetres,  and  all  specific  gravities 
correspond  to  a  temperature  of  15  "5"  C. 


Turpentine,  C,f)Hj,.. 

786.  Turpentine  is  a  liquid  which  possesses  a  cliarac- 
teristic  smell,  and  boils  at  156";  its  specilic  gravity  is  0'876. 
When  it  has  been  warmed,  it  is  easily  kindled,  and  burns 
with  a  very  smoky  flame.  It  is  not  miscible  with  water,  but 
readily  dissolves  in  strong  alcohol  and  in  ether. 

787.  Strong  H^,SO,  :  when  this  acid  is  added  in  small 
quantity  to  turpentine,  and  the  mixture  is  warmed,  a  peculiar 
and  very  characteristic  smell  is  evolved. 

788.  Br-water,  when  it  is  shaken  up  with  turpentine,  is  at 
once  decolourised. 


27G  REACTIONS  OF  BENZENE,  CHLOROFORM,  [789-794.] 


Benzene,  or  Benzol,  C^TL^. 

789.  Piire  Benzene  is  a  very  mobile,  volatile,  strongly 
smelling  liquid,  which  burns  readily  with  a  smoky  flame. 
It  boils  at  &0°  C,  and  its  specific  gravity  is  0-8839.  It  is 
miscible  with  alcohol  and  with  ether,  but  is  insoluble  in 
water. 

790.  HNO, :  if  the  strong  fuming  acid,  or  a  mixture  of 
strong  H2S(  )4  and  strong  HXO3,  is  warmed  with  benzene, 
nitro-benzene  (Cj.HgNO.,)  is  produced  :  this  substance  sepa- 
rates as  a  reddish-yellow  oil,  smelling  of  bitter  almonds,  when 
the  acid  liquid  is  largely  diluted  with  water. 

If  this  nitro-benzene  is  poured  into  dilute  HCl  and  pieces 
of  zinc  are  introduced,  aniline  is  formed,  and  may  be  detected 
by  the  tests  in  paragraphs  847-851. 


VI.— HALOID  COMPOUNDS. 


Chlorofokm,  CHCI3. 

791.  Pure  chloroform  is  a  colourless,  mobile  liquid,  with 
an  ethereal  smell.  It  boils  at  Gl'4°,  and  has  a  specific  gravity 
of  1'5.  It  is  only  shghtly  soluble  in  water,  but  is  miscible 
with  alcohol  and  with  ether. 

792.  Formation  of  Phenyl  isocyanide. — When  chloro- 
form is  mixed  with  a  drop  of  aniline,  and  with  some  solution 
of  KllO  in  alcohol,  and  the  mixture  is  heated,  an  intensely 
disagreeable  smell  of  phenyl  isocyanide  is  given  off. 

793.  Fehling's  solution  (864),  ^\hcn  it  is  warmed  with 
chloroform,  deposits  red  cuprous  oxide  after  some  time. 


794.  Phenol  and  KHO. — If  a  mixture  of  alcoholic  solu- 


[795-798.]  lODOFOKM,  METHYL  ALCOHOL.  277 

tion  of  phenol  with  KllO  is  evaporated  to  dryness  on  the 
water-bath,  the  residue  assumes  a  beautiful  purple  colour  when 
it  is  moistened  with  chloroform.    (DilFerence  from  chloral.) 


Iodoform,  Clllg. 

795-  Iodoform  is  a  bright  yellow  substance,  which  emits 
a  characteristic  smell,  and  crystallises  in  hexagonal  plates  or 
stars.  It  melts  at  about  117"  (645),  and  then  vaporises,  evolv- 
ing iodine  and  lit  and  leaving  a  residue  of  carbon. 

It  is  insoluble  in  water  and  in  acids,  but  dissolves  in  alcohol 
and  in  ether. 


VII.-CEKTAm  ALCOHOLS  AND  PHENOLS. 


Methyl  Alcohol,  CH^O. 

796.  Pure  methyl  alcohol  resembles  pure  ethyl  alcohol 
(800)  in  its  general  properties;  it  boils  at  66°  C,  and  has 
a  specific  gravity  of  0-7972.  It  burns  with  a  pale  blue  flame 
and  is  miscible  with  water  and  with  ether  in  all  proportions. 

797.  Oxidation  to  Formic  acid.— If  a  mixture  of  methyl 
alcohol  with  dilute  ILSO^  and  K.,Cr,0.  is  distilled  (71),  the 
distillate  will  contain  formic  acid :  when  this  acid  didiUale 
is  warmed  with  AgNOg,  it  will  cause  a  brilliant  silver  mirror 
to  bo  deposited. 

When  ethyl  alcohol  is  oxidised  by  similar  treatment,  it 
yields  aldehyde  ;  and  this  only  deposits  a  silver  mirror  when 
it  is  warmed  with  AglSrO.3  alkaline  solution. 

798.  Formation  of  Methyl  salicylate.— When  methyl 
alcohol  is  heated  with  strong  H^SO^  and  salicylic  acid,  "a 
fragrant  smell  of  methyl  sahcylate,  or  oil  of  winter-green,  is 
evolved. 
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REACTIONS  OF  ETHYL  ALCOHOL,  [799-802.] 


799.  Iodoform  is  not  produced  when  pure  methyl 
alcohol  is  warmed  with  excess  of  iodine  in  the  presence  of 
Na.^COg  (801).    (Difference  from  ethyl  alcohol.) 


Alcohol,  or  Ethyl  Alcohol,  03^0.— Use  rectified  spirit 
diluted  with  four  times  its  volume  of  water. 

800.  Pure  ethyl  alcohol  is  a  mobile  fragrant  liipiid :  it 
boils  at  78°  (646),  has  a  specific  gravity  of  0-7938  at  15-5° 
(644),  and  burns  with  a  pale  blue  smokeless  flame.  It  is 
miscible  in  all  proportions  with  water  and  with  ether. 

If  much  water  is  present  with  the  alcohol,  it  may  be 
necessary  to  add  dry  K^COo  in  excess  to  the  liquid,  and  then 
to  distil  over  about  one-third  of  it  (71).  The  alcohol  is  thus 
concentrated  in  the  distillate  :  and  it  is  much  more  readily 
detected  by  the  following  tests  in  the  distillate  than  in  the 
original  dilute  liquid. 

801.  Formation  of  Iodoform. — If  Na^COg  solution  is 
added  to  water  which  contains  a  little  alcohol,  and  the  mix- 
ture is  gently  heated  for  some  time,  small  pieces  of  iodine 
being  occasionally  added  until  the  solution  retains  a  brown 
colour,  golden  yellow  cnjsfals  of  iodoform  will  separate.  If 
very  little  alcohol  was  present,  the  liquid  may  require  to 
stand  for  ten  or  twelve  hours  before  the  crystals  make 
their  appearance. 

When  these  crystals  are  examined  under  the  microscope, 
they  are  seen  to  be  hexagonal  tablets  or  six-pointed  stars. 

This  reaction  is  yielded  by  other  substances  besides  ethyl  alcohol, 
and  is  therefore  not  altogether  characteristic. 

802.  Formation  of  Aldehyde  and  Acetic  acid. — Alcohol 
may  be  converted  by  oxidation  into  aldehyde  and  acetic  acid 
by  heating  it  for  some  time  with  KgCr.^O^  and  H.^SO^. 
During  the  process  of  oxidation,  aldehyde  will  be  first  smelt, 
and  then  acetic  acid.    If  the  smell  is  not  distinctly  recog- 


[S03-807.] 


GLYCEROL,  PHENOL. 
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nised,  the  liciuid  may  be  distilled,  and  the  first  portion  of  the 
distillate  divided  into  two  portions  :  one  portion  may  then 
be  tested  for  aldehyde  by  paragraph  823,  and  the  other  may 
be  neutralised  with  Na.jCOg,  evaporated  to  dryness,  and  the 
solid  residue  tested  for  acetate  (670-672). 

Acetic  acid  may  result  from  the  oxiilatiou  of  other  substances  besides 
alcohol. 

803.  Benzoic  and  Acetic  ether. — When  ethyl  alcohol  is 
heated  with  strong  II.SO^  and  a  benzoato  or  an  acetate,  the 
characteristic  smell  of  benzoic  ether  or  of  acetic  ether  may  be 
recognised. 


Glycerol,  or  Glycerine,  CyllgOg. 

804.  Pure  glycerol  is  a  colourless,  viscous  liquid,  with 
intensely  sweet  taste.  It  has  a  specific  gravity  of  1'27,  a 
melting-point  of  20"  C.,  and  a  boiling-point  of  290°.  It 
burns  with  a  somewhat  luminous  flame,  and  is  miscible  with 
water  and  with  alcohol,  but  not  with  ether. 

805.  NaHSO^.— When  glycerine  is  heated  with  NaHSO.^ 
it  evolves  intensely  pungent  acrolein  vapour.  If  this  vapour 
is  passed  into  solution  of  rosaniline,  which  has  been  pre- 
viously decolourised  by  SOo,  it  produces  a  red  coloration: 
other  aldehydes  produce  the  same  result. 

806.  Phenol  and  R,SO  j.— If  phenol,  strong  sulphuric  acid, 
and  glycerine  are  mixed  together  in  equal  volumes,  and  the 
mixture  is  heated  to  120°  C.,  and  is  then  diluted  and  mixed 
with  excess  of  AmOII,  it  becomes  crimson  in  colour. 


Phisnol,  or  Carbolic  Acid,  C^HqO. 

807.  I*ure  Phenol  is  a  colourless  crystalline  substance  ;  it 
is,  however,  commoidy  tinged  with  pink.  Its  smell  is  very 
characteristic.    It  melts  at  41'  G.,  and  boils  at  182°  C.  Its 
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REACTIONS  OF  HYDROQUINONE,  [808-S17.] 


specific  gravity  is  r0702.  It  is  slightly  soluble  in  water, 
and  freely  soluble  in  benzene,  in  alcohol,  and  in  ether. 

808.  Fe^Cl^;  solution  gives  with  phenol  a  violet  coloration, 
which  is  destroyed  by  HA. 

809.  Broinine-water,  or  Bleaching  powder,  when  it  is 
added  to  phenol  solution,  which  has  been  mixed  with  a 
quarter  of  its  volume  of  dilute  AmHO,  produces  a  blue  colora- 
tion :  this  colour  changes  to  red  on  the  addition  of  an  acid. 

810.  Nitrous  acid. — When  a  mixture  of  strong  H^SO^ 
with  a  little  6  per  cent,  solution  of  KXOg  is  added  to  phenol, 
it  produces  a  reddish-brown  coloration,  which  changes  to 
green  and  purple,  and  finally  to  blue. 

811.  Bromine-water,  when  it  is  added  to  phenol  solution, 
gives  a  pale  yellow  precipitate  of  tribromphenol. 


Hyduoquinoke,  CuHgOo. 

812.  Hydroqninone  is  a  white  crystalline  substance  which  shows  a 
greenish  tint.  It  melts  at  169°  C,  and  is  soluble  in  water,  in  alcohol, 
and  in  ether. 

813.  Ferric  chloride,  if  it  is  added  to  a  dilute  solution  of  hydro- 
qninone, gives  a  green  coloration,  which  rapidly  changes  to  reddish- 
brown.  If  it  is  added  to  a  strong  solution,  a  dark  green  crystalline 
precipitate  is  formed. 

814.  AgNOg  solution  is  reduced  by  hydroquiuone,  and  metallic 
Ag  is  precipitated. 

815.  KHO  solution  becomes  brown  when  it  is  shaken  with  hydro- 
qninone solution. 

Pyrogallol,  or  Pyuogallic  Acid,  C^HyO.. 

816.  Pyrogallol  is  a  white  crystalline  substance  :  it  melts  at  115°  C, 
and  is  readily  soluble  in  water,  in  alcohol,  and  in  ether. 

817.  KHO  and  other  alkalis  readily  dissolve  this  substance  ;  the 
solution  rapidly  becomes  brown  by  exposure  to  the  air,  owing  to  the 
absorption  of  oxygen. 


[818-826.] 


PYROGALLOL,  ALDEHYDE. 
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818.  FeSO^  colours  pyrogallol  solution  dark  blue. 

819.  Fe.jCIy  gives  a  line  red  coloration  to  {lyrogullol  solution. 

820.  AgNO^  is  immediately  reduced  by  pyrogallol  with  the  precipi- 
tation of  Ag. 


YIl I.— ALDEHYDES  AND  KETONES. 


Aldeuyde,  ok  Acetaldeuyde,  C^HjO. 

821.  Pm-e  acetaldehyde  is  a  very  mobile  liquid,  possess- 
ing a  most  characteristic  smell :  it  boils  at  21°  C,  and  has  a 
specific  gravity  of  0-7876  unless  it  is  partially  polymerised. 
It  is  miscible  with  water,  with  alcohol,  and  with  ether  in  all 
proportions. 

822.  AgNOg :  if  AgNOg  solution  is  mixed  with  very  dilute 
AmilO  until  the  precipitate,  which  forms  at  first,  just  dis- 
appears, and  the  solution  is  then  heated  with  aldehyde,  a 
silver  mirror  is  deposited  on  the  glass. 

823.  Magenta  .solution,  which  has  been  decolourised  by 
SO.,  proiluces  a  violct-red  colour,  when  it  is  mixed  with 
aldehyde. 

824.  KHO  solution,  when  it  is  licatcd  with  aldehyde,  pro- 
duces aldehyde  reshi,  a  yellow  substance  witli  a  peculiar 
smell. 

825.  H^,S,  when  it  is  passed  into  the  aqueous  solution  of 
aklehyde,  produces  an  oily  liquid,  which  is  changed  by  acids 
into  a  solid. 

826.  NaHSOy  in  saturated  solution,  gives  a  crystalline  pre- 
cipitate (CoH^O.NalLSOg),  which  is  decomposed  by  acids  and 
by  alkalis,  with  liberation  of  aldehyde. 


282 


EEACTIONS  OF  CHLORAL, 


[827-834.] 


Chloiial. — Use  Chloral  hydrate,  CoHClgO.H.^O. 

827.  Pare  chloral  (C^HClgO)  is  a  colourless  liquid,  with  a 
pungent  tear-exciting  smell :  it  boils  at  98°,  and  has  a  specific 
gravity  of  r4.  It  unites  with  water,  forming  a  crystalline 
hydrate,  which  melts  at  57°  and  boils  at  97*5°,  and  has  a 
specific  gravity  of  0'848. 

828.  Phenyl  isocyanide  test, — When  chloral  is  heated 
with  alcoholic  solution  of  KIIO  and  aniline,  it  yields  phenyl 
isocyanide,  which  is  recognised  by  its  extremely  offensive 
smell. 

829.  Silver  niirror. — When  chloral  is  warmed  with  am- 
moniacal  AgNO,,  solution  (822)  and  a  drop  of  KHO  solution, 
a  silver  mirror  is  readily  deposited  on  the  interior  of  the  glass 
vessel.    (Difference  from  chloroform.) 

Chloral  also  reduces  Fehling's  solution  (864),  yielding 
red  CuoO. 

830.  Chloral  gives  the  magenta  reaction  (823). 

831.  KOH. — Chloral  is  decomposed  by  aqueous  KHO 
solution  :  chloroform  is  precipitated,  and  potassium  formate 
remains  in  solution. 


Benzaldehyde,  ok  Oil  of  Bitter  Almonds,  C^HoO. 

832.  Tliis  liquid  is  colourless  and  liiglily  refractive  :  it  lias  a  specific 
gravity  of  1'05,  and  boils  at  179°  C.  :  it  is  sparingly  soluble  in  water, 
and  readily  soluble  in  alcohol  and  iu  ether. 

833.  KHO  :  when  benzaldehyde  is  heated  with  solid  KHO,  potassium 
benzoate  is  formed  ;  and  if  the  resulting  solution  is  acidified  with  HCl, 
benzoic  acid  will  be  precipitated. 

834.  AgNOg,  iu  ammoniacal  solution,  is  reduced  by  this  aldehyde  to 
metallic  Ag. 


[835-840.] 


BENZALDEHYDE,  ACETONE. 
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835.  Na.jSO..  solution  dissolves  beiizaldehyde  :  the  careful  addition 
of  dilute  ir.,S04  to  tliis  solution  precipitates  crystalline  llocks  of 
C^HoO.NallSaj. 


Acetone,  C3H^;0. 

836.  Pure  acetone  is  a  mobile  licjuid,  with  a  peculiar  and 
characteristic  smell:  it  boils  at  55'G°  C,  and  has  a  specific 
gravity  of  0"7965,  It  is  miscible  with  water,  with  alcoliol, 
and  with  ether  in  all  proportions. 

837.  Iodine :  if  iodine  dissolved  in  Ami  solution  is  added 
to  dilute  AmOlI,  it  causes  a  black  precipitate  (NI3) ;  this 
precipitate  disappears  at  first  when  the  liquid  is  shaken,  but 
ultimately  tends  to  become  permanent.  If  acetone  is  present 
in  the  dilute  ammonia  solution,  iodoform  separates,  and  this 
is  characterised  by  its  crystalhne  appearance  under  the  micro- 
scope (801). 

By  this  reaction  acetone  can  be  detected  in  the  presence  of 
ethyl  alcohol. 

838.  HgCI,  solution,  if  it  is  made  strongly  alkaline  by 
alcoholic  solution  of  XOi[,  yields  a  precipitate  of  llgO  : 
when  the  liquid  containing  the  j^recipitate  is  shaken  with 
acetone,  part  of  the  Hg( J  is  dissolved ;  if  the  liquid  is  fil- 
tered, the  presence  of  llg  may  be  shown  in  the  filtrate  either 
by  adding  Am^,S  (279),  or  by  acidifying  the  liquid  with  JlCl 
and  adding  SnCl^  (280). 

839.  Sodium  nitro-prusside,  if  it  is  added  to  acetone 
solution,  which  has  been  previously  mixed  with  twice  its 
volume  of  strong  NaOH  solution,  produces  a  hriyld  red 
coloration :  this  coloration  becomes  bluish  when  llA  is 
added. 

840.  NaHSO^,  in  saturated  solution,  gives  a  crystalline 
precipitate  (Cgli^O.JN'aliSD^),  which  is  decomposed  by  acid 
or  alkali  with  liberation  of  acetone. 
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REACTIONS  OF  UREA, 


[841-846.] 


IX.— AMIDO-CCBLPOUNDS. 


Urea,  or  Carbamide,  COiS'._,Hj. 

841.  Urea  resembles  the  alkaloids  by  combining  directly 
with  acids  to  produce  salts.  It  is  a  colourless  crystalline 
substance,  and  is  very  soluble  in  water.  It  melts  and  begins 
to  decompose  at  132°  C,  evolving  Nllg.  Its  specific  gravity 
is  1  323. 

842.  Strong  HNO3,  if  it  is  added  to  solution  of  urea, 
causes  the  separation  of  the  crystalline  nitrate  :  under  tlie 
microscope  these  crystals  are  seen  to  be  delicate  rliomboidal 
scales. 

Strong  solution  of  II2C2O4  also  causes  a  precipitate,  which 
consists  of  needle-shaped  crystals  of  oxalate  of  urea. 

843.  KHO,  when  it  is  heated  with  urea  solution,  slowly 
evolves  NH^,  and  yields  K0CO3  ;  the  carbonate  is  detected 
by  effervescing  on  the  addition  of  an  acid. 

844.  Hg(N03).2  yields  a  white  precipitate  in  urea  solu- 
tion. 

845-  KBrO-solution  causes  a  brisk  evolution  of  nitrogen 
gas  from  urea  and  from  compounds  containing  urea.  The 
solution  must  be  freshly  prepared,  by  adding  Br-water  to 
KHO  solution  until  tlie  liquid  retains  a  yellow  colour  after 
it  has  been  thoroughly  mixed. 

A  similar  reaction  takes  place  when  KBrO  solution  acts 
upon  a  urate  or  upon  an  ammonium  salt. 

846.  Biuret-test. — If  solid  urea  is  heated  for  some  time 
just  above  its  melting-point,  biuret  is  formed  and  NHg  is 
evolved.  If  the  residue  is  then  allowed  to  cool  and  is 
extracted  with  water,  and  the  solution  is  mixed  with  several 
drops  of  CuSO^  solution,  and  then  with  NaOH  solution, 
added  drop  by  drop,  a  violet  coloration  is  produced. 


[847-352.] 


ANILINE,  ETHER. 
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Aniline,  or  Amidobknzknb,  CjTT^N. 

847.  Pure  Aniline  is  a  colourless  liquid  of  peculiar  smell ;  it 
usually  becomes  brown  by  exposure  to  the  air,  but  this  is  due 
to  the  presence  of  an  impurity  ;  it  boils  at  IS-l'S",  and  has  a 
specific  gravity  of  r0242.  It  is  slightly  soluble  in  water  and 
in  alcohol,  and  is  readily  soluble  in  ether  and  in  chloroform. 

848.  Salts  of  Aniline  do  not  give  the  following  reactions. 
But  the  base  may  be  liberated  from  the  salt  by  treating 
the  aqueous  solution  with  KllO.  The  aniline  will  separate 
in  oily  drops,  and  these  may  be  dissolved  by  shaking  the 
liquid  with  ether.  The  evaporation  of  the  ethereal  solution 
leaves  the  anihne  in  the  free  state,  in  a  condition  suited  for 
the  following  tests. 

849.  Bleaching  powder,  if  it  is  added  in  small  quantity 
to  a  very  dilute  solution  of  aniline,  produces  a  mauve 
coloration. 

850.  H.SO^  and  K  .Cr.O-  solution,  when  they  are  added 
to  aniline,  produce  a  reddish  coloration,  which  changes  to  blue. 

851.  Chloroform  and  alcoholic  solution  of  KHO,  when 
they  are  warmed  with  aniline,  evolve  the  intensely  oH'onsive 
smell  of  phenyl  isocyanide. 


X.— SUBSTANCES  RPXATED  TO  THE  FOREGOING. 


Ether,  or  Ethyl  Ether,  CJlj^jO. 

852.  Pure  ether  is  a  very  mobile,  volatile,  fragrant  liquid, 
which  burns  with  a  bright  Hame.  It  has  a  boiling-point  of 
34 -G"  C.,  and  a  specific  gravity  of  0-7201.  Ether  dissolves  in 
about  ten  times  its  own  volume  of  water,  and  is  miscible  with 
alcohol  and  with  other  organic  liquids. 


286 


REACTIONS  OF  ACETIC  ETIIEK, 


[853-857.] 


Acetic  Ether,  or  Ethyl  Acetate,  CoH-(CoHyOo). 

853.  Pure  Acetic  ether  is  a  very  mobile,  fragrant  liquid. 
It  has  a  boiling-point  of  77 '5°  C,  and  a  specific  gravity  of 
0'9072.  It  is  somewhat  soluble  in  water,  and  is  readily 
soluble  in  alcohol. 

854.  KOH.— Acetic  ether  is  decomposed  by  KOH  in  a 
manner  which  is  typical  of  similar  organic  bodies : — 

CJI.CC.H/),)  +  KOH  =  CoH.O  +  KC,H/)2. 

This  change  may  be  effected  by  simply  Avarming  the  liquid 
for  some  time  with  KOH.  When  the  resulting  liquid  is  dis- 
tilled, alcohol  may  be  detected  in  the  distillate  (801),  and 
acetate  may  be  found  in  the  distillation  flask  (670,  et  mj.). 


Carbon  bisulphide,  CS^. 

855.  Pure  Carbon  disulphide  is  a  mobile,  highly  refractive 
liquid  with  pleasant  ethereal  smell,  but  it  usually  emits  an 
extremely  repulsive  odour,  which  is  due  to  the  presence  of 
impurity.  CSo  boils  at  46°  C,  and  has  a  specific  gravity  of 
r292.  It  is  not  miscible  with  water,  and  readily  dissolves 
fatty  bodies  and  oils.  CSg  burns  with  a  blue  flame,  pro- 
ducing SO,  (519)  and  CO,  (505). 

856.  Formation  of  Potassium  xanthate. — If  CS,  is 

heated  with  solution  of  KOH  in  alcohol,  potassium  xanthate 
(C2H5KCOS.,)  is  formed  :  the  addition  of  CuSO^  solution  to 
this  liquid  produces  a  yellow  precipitate  of  copper  xanthate. 


Nitrobenzene,  C^Hr,(N0.2). 

857.  Nitrobenzene  is  a  pale  yellow  liquid  smelling  of 
bitter  almonds  :  its  specific  gravity  is  1'2,  and  it  boils  at  205° : 
it  is  insoluble  in  water,  but  is  miscible  with  other  organic 
liquids.    See  reaction  in  paragraph  790. 


[859-864.]        CARBON  DISULl'IIIDE,  DEXTROSE. 
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XI.-  CARBOHYDRATES. 


Grape  Sugar,  Dextro-Glucose,  or  Dextrose,  C,;Hj._,0,;. 

859.  Dextrose  is  a  colourless  soluble  solid,  with  a  sweet 
ta^^te.  It  crystallises  from  its  solution  in  alcoliol  in  the 
anhydrous  state,  and  these  crystals  fuse  at  146° :  from  its 
solution  in  water  it  crystallises  in  a  hydrated  form, 
C,.H^oO^.Il,0,  which  melts  at  86°.  Dextrose  chars  readily 
when  it  is  heated.  Its  specific  gravity  is  1"538.  It  rotates 
the  plane  of  polarisation  to  the  right. 

860.  Strong  H,SO^. — Dextrose  is  distinguished  from  other 
sugars  by  yielding  only  a  yellow  tiolution,  when  strong  H.,SO.j 
is  added  to  its  strong  solution,  if  the  mixture  is  kept  cool : 
other  sugars  become  blackened  by  charring  under  these  con- 
ditions. 

861.  KHO. — When  dextrose  is  warmed  with  strong  KIIO 
solution  the  liquid  becomes  hnmn;  other  sugars  remain 
uncoloured  by  this  treatment. 

862.  Reduction  of  CuO.— If  a  few  drops  of  CuSO.,  solu- 
tion are  mixed  with  dextrose  solution,  and  excess  of  KHO  is 
then  added,  no  precipitate  is  formed ;  but  when  the  liquid 
is  heated  yellow  cuprous  hydrate  is  formed,  and  this  is  con- 
verted into  red  Cu^O  when  the  liquid  is  more  strongly 
heated. 

863.  Fehling's  solution  (864)  may  be  added  with  advan- 
tage in  applying  the  preceding  test,  instead  of  addinir  CuSO< 
and  KHO  separately. 

864.  Feliliiig's  solution  is  prepared  as  follows.  Thirty-five  granmics 
of  crystallised  CuSO^.SHoO  are  dissolved  in  one  litre  of  water,  and 
the  clear  sohition  is  kept  in  a  stoppered  bottle.  173  grammes  of 
Rochelle-salt  KNaT),  and  sixty  grammes  of  NallO,  are  dissolved  in 
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REACTIONS  OF  CAEBOHYDEATES. 


[865-869.] 


a  litre  of  water ;  this  solution  is  kept  in  a  corked  bottle.  Equal 
volumes  of  these  two  solutions  are  mixed  together  in  order  to  prepare 
the  Fehling's  solution. 

865.  Fermentation. — If  clean  freslily- washed  yeast  is 
added  to  dextrose  solution  in  the  flask  shown  in  fig.  73 
(505),  and  the  temperature  of  the  hquid  is  maintained  at 
about  25"  for  an  hour  or  more,  fermentation  will  take 
place  with  the  production  of  ethyl  alcohol  and  carbon  dioxide 
gas. 

The  escaping  gas  may  be  shown  to  be  COo  by  letting  it 
bubble  through  lime-water  (505,  4),  and  ethyl  alcohol  may 
be  found  in  the  liquid  which  remains  in  the  flask  by  the 
reactions  in  paragraphs  801,  802. 

This  reaction  by  fermentation  is  given  by  other  sugars. 

866.  Silver  mirror. — If  dextrose  is  gently  heated  with 
aramoniacal  AgNOg  solution  {694,  Note)  in  a  glass  vessel,  a 
silver  mirror  will  be  produced  on  the  interior  of  the  glass. 

867.  Other  processes  of  Reduction. — When  dextrose  is 
heated  with  solution  of  KOH  and  of  basic  bismuth  nitrate,  a 
black  precipitate  is  produced.  When  dextrose  is  boiled 
with  CuAo  solution  acidified  with  HA,  it  reduces  the  cupric 
salt  to  CuoO. 

868.  When  dextrose  is  boiled  with  KOH  solution  and  picric 
acid  a  red  colour  is  produced. 


Levulosb,  or  Fructose,  CJIjoO^j. 

869.  Levulose  usually  occurs  as  a  transparent,  uncrystal- 
lisable  syrup.  It  is  sweeter  than  dextrose,  and  is  also  more 
soluble  in  water  and  in  alcohol.  It  turns  the  plane  of  polari- 
sation to  the  left.  It  is  fermented  by  yeast,  but  difl'ers  from 
dextrose  by  forming  an  insoluble  compound  with  lime. 


870-875.] 


LEVULOSE,  SUCROSE,  MALTOSE. 
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NB-SUGAB,  OR  SuCROSB,  CjoHooOjj. 

870.  Cane-sugar  is  a  colourless  crystalline  substance,  which 
is  easily  soluble  in  water,  and  is  intensely  sweet  in  taste.  It 
is  only  sparingly  soluble  in  alcohol.  Cane-sugar  fuses  at 
160^  and  is  readily  charred  by  heat.  Its  specific  gravity  is 
r593.  It  turns  the  plane  of  polarisation  to  the  right:  and 
it  is  not  readily  fermented  by  yeast, 

871.  Strong  H.,SOj  produces  a  deep  brown  coloration, 
which  becomes  ultimately  black  owing  to  the  separation  of 
carbon.  The  presence  of  much  water  prevents  this  change 
from  occurring  at  ordinary  temperatures. 

872.  KHO  solution,  when  it  is  warmed  with  solution  of 
sucrose,  produces  no  coloration. 

873.  Conversion  into  Glucose. — Sucrose  solution,  when 
it  is  heated  for  a  minute  with  a  few  drops  of  strong  HCl, 
yields  a  mixture  of  equal  quantities  of  dextrose  and  levu- 
lose  :  these  glucoses  may  be  detected  by  Fehling's  solution 
(864),  after  the  acid  liquid  has  been  neutralised  by  KHO. 

874.  Silver  mirror.— When  sucrose  is  boiled  with  ammo- 
niacal  AgNOg  solution,  it  gives  no  mirror  (694,  Note), 
and  differs  in  this  respect  from  the  ghicoses. 


Maltose,  or  Malt  Sugar,  C^aHgaOi^.H.^O. 

875.  Maltose  is  a  soluble  sweet  sugar.  It  resembles  the 
glucoses  by  readily  reducing  Fehling's  solution  (864),  but 
differs  from  them  by  not  reducing  the  acetic  acid  solution 
of  CuAg.  It  is  readily  fermented  by  yeast.  It  is  dextro- 
rotatory, and  differs  from  cane-sugar  by  being  converted  into 
■dextrose  only,  when  it  is  heated  with  an  acid. 

T 
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REACTIONS  OF  LACTOSE, 


[876-8S0.] 


Lactose,  or  Milk-sugar,  Ci.^H.wOu.H^O. 

876.  Lactose  is  much  less  soluble  and  less  sweet  in  taste 
than  the  sugars  which  have  been  already  described.  It 
reduces  Fehhng's  solution  (864),  but  does  not  reduce  the 
acetic  acid  solution  of  CuA^,.  It  is  not  fermented  by  pure 
yeast. 

877.  When  lactose  is  boiled  with  PbAg  solution  and 
AmOII  is  added,  a  precipitate  is  formed  which  is  first 
yellow  and  then  red  in  colour. 


Cellulose  (CgHigOg),,.— Use  Cotton-wool. 

878.  Cellulose  is  a  colourless,  insoluble,  tasteless  sub- 
stance :  it  is  unaffected  by  water  and  by  most  other  solvents, 
even  when  it  is  boiled  with  them. 

879.  Iodine  reaction,' — Cellulose  gives  no  reaction  with 
iodine.  After  it  has  been  treated  with  one  of  the  following 
mixtures  (a,  l\  however,  iodine  produces  a  blue  colour  with 
the  product. 

(a).  A  mixture  of  90  parts  of  ZnClg  solution  of  2-0 
specific  gravity,  with  6  parts  of  KI  and  10  parts  of  water. 

(6).  A  mixture  of  3  p  irts  of  strong  H.,SO^  with  2  parts 
of  glycerol  and  1  part  of  water.  This  mixture  is  rubbed 
with  the  cellulose,  in  order  to  effect  the  necessary  change. 

880.  Cuprammonium  hydrate,  made  by  dissolving 
freshly-precipitated  Cu(0H)2  in  strong  ammonia  solution, 
dissolves  cellulose:  the  cellulose  is  reprecipitated  when  an. 
acid  is  added  in  excess  to  the  solution. 


[SSl-834.] 


CELLULOSE,  STARCH,  DEXTHIN. 
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Starch. — Use  Potato  or  Rice  starch  in  powder  (CJI^yO^),,. 

881.  Starch  is  insoluble  in  cold  water,  but  it  yields  a 
transparent  liquid  when  it  is  /xn'/eri  with  water ;  this  liquid 
becomes  gelatinous  as  it  cools,  if  much  starch  is  present. 

882.  Starch  granules  may  be  identified  by  their  appear- 
ance, when  they  are  examined  by  a  quarter-inch  object-glass 
under  the  microscope  :  when  they  are  viewed  as  transparent 
objects,  they  usually  appear  round  or  oval,  but  they  are 
occasionally  irregular  in  sliape.  They  usually  show  dark 
rings  which  are  more  or  less  concentric.  Many  kinds  of 
starch-granules  show  a  cross  when  they  are  examined  by 
polarised  hght. 

These  appearances  are  not  visible  in  starch  Avliich  has  been 
exposed  to  heat. 

883.  Iodine  reaction.— If  starch  is  boiled  with  water,  and 
a  drop  of  iodine  solution  is  added  to  the  cold  liquid,  it  will 
assume  an  intensely  bluish-b/acic  colour. 

This  colour  disappears  when  tlie  liquid  is  heated,  but  it 
frequently  reappears  when  the  liquid  is  cooled. 

The  colour  is  destroyed  by  the  addition  in  excess  of  a 
reducing  agent,  such  as  Il^SOg,  Na.^S.p3,  or  ]!^,S:  it  is 
therefore  prevented  from  appearing  if  any  one  of  these 
substances  is  present  in  the  starch  solution,  until  the  iodine 
has  been  added  in  excess. 

884.  Conversion  into  Glucose. — When  it  is  heated  witli 
dilute  H.,SO^  for  some  time,  starch  is  converted  into  a 
mixture  of  dextrin  and  glucose,  and  finally  into  glucose  alone. 
The  glucose  may  be  detected  by  means  of  Fehling  s  solution, 
after  the  liquid  has  been  neutralised  (863). 
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Dextrin  (C(;Hio^-^5)n- 

885.  Dextrin  is  a  white  powder,  which  is  soluble  in 
water,  but  is  insoluble  in  strong  alcohol.  It  is  therefore 
precipitated  from  its  aqueous  solution  by  the  addition  of 

much  alcohol. 

886.  Fehling's  solution. — Dextrin  is  converted  into 
glucose,  by  being  heated  for  some  time  with  diluted 
HoSO^:  when  this  solution  is  neutralised  and  heated  with 
Fehling's  solution,  red  Cu.p  is  precipitated  (863). 

887.  Iodine  solution  produces  a  red  colour  in  the  solution 
of  most  forms  of  dextrin. 


XII.— AL15UMIN0US  SUBSTANCES. 


Albumen. — Use  "White  of  egg. 

Solution  of  Albumen  is  readily  obtained  by  stirring  or  shaking  the 
I'rush  unboiled  white  of  egg  with  water,  and  then  straining  the  solution 
through  linen  or  allowing  it  to  settle. 

888.  Ignition  with  Soda-lime. — Albumen  evolves  NHg, 
when  it  is  strongly  heated  with  soda-lime;  the  NHg  may 
be  detected  by  the  methods  described  in  paragraph  145. 

889.  Albumen  is  readily  Coagulated,  and  precipitated  as 
white  flocks  from  its  solution  in  water,  either  by  boihng  the 
solution,  or  by  adding  it  to  strong  HNOg,  or  to  solution  of 
HgClo.  Albumen  is  less  completely  precipitated  from  its  solu- 
tion by  solutions  of  CuSO^,  of  alum,  and  of  certain  other 
salts,  than  by  solution  of  HgCl2. 

890.  Millon's  test.— Solution  of  Mercurous  nitrate,  pre- 
pared by  dissolving  2  parts  of  mercury  in  4  parts  of  HNO3 
(sp.  gr.  r4),  imparts  a  bright  red  colour  to  albumen. 


[891-893.] 


ALBUMEN,  GELATIN. 
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Gelatin. 

891.  Gelatin  is  readily  soluble  in  hot  Avater,  and  a  hot 
strong  solution  "  sets  "  on  cooling.  When  solid  gelatin  is 
heated  it  chars,  and  produces  an  unpleasant  smell.  When 
it  is  heated  with  soda-lime  it  evolves  NHg. 

892.  Tannic  acid  solution  precipitates  gelatin  from  its 
solution  (714). 


DETECTION  OF  ORGANIC  SUBSTANCES. 

893.  Provision  is  made  in  the  ordinary  Analytical  Tables 
in  Sections  V.  and  VI.  for  the  detection  of  some  of  the 
more  common  Organic  Acid-radicles, 

A  further  special  table  for  the  Detection  of  Organic  sub- 
stances will  be  found  in  paragraphs  I092-II06. 

^lany  organic  substances,  however,  will  require  to  be 
tested  for  by  the  special  reactions,  which  have  been  given  in 
tlie  preceding  paragraph^  (647-892). 


SECTIOjST  v. 


ANALYSIS  OP  A  SIMPLE  SUBSTANCE  CON- 
TAINING ONE  METAL  AND  ONE  ACID- 
RADICLR. 


This  Section  may  be  passed  over  liy  a  student  who  is  learning  the 
full  aiiiilytical  course  :  and  the  full  course  of  analysis  in  Section  VI. 
may  be  taken  up  at  once. 

Examples  of  Substances  for  Analysis  by  this  Se  ction  are  given 
in  paragraph  1169. 

The  Numbers  in  the  Text  which  are  Inclosed  in  Brackets  refer  to 
the  paragraplis  in  which  tests  or  processes  to  be  employed  by  the 
student  are  fully  described. 


Introductory  Remarks. 

930.  Preliminary^Examination. — Before  proceeding  to 
detect  the  Metal  or  Acid-radicle  in  a  Simple  Substance  by  a 
Systematic  Analysis  of  its  solution,  it  is  best  to  make  a  few 
Preliminary  Experiments  upon  the  substance  in  the  solid 
state  (936-941).  These  will  generally  give  some  idea  as 
to  what  substance  is  present,  and  will  occasionally  detect 
with  certainty  the  Metal  or  the  Acid-radicle,  or  possibly  both 
of  them. 

Systematic  Examination  for  the  Metal. — Even  if  the 
composition  of  the  substance  has  been  proved  by  this  Pre- 
liminary Examination,  it  is  usually  best  to  proceed  to  the 


[930.] 


THE  ANALYSIS  OF  A  SIMPLE  SALT. 
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Systematic  Analysis,  in  order  to  confirm  the  results  obtained. 
This  must  be  preceded  by  the  process  of  dissolving  the  s\ib- 
stance  in  water  or  in  acid  (935),  if  it  is  not  already  in  the 
liquid  form.  To  the  solution  thus  obtained,  the  Group 
Reagents  are  then  added  in  a  suitable  order.  The  Analytical 
Group  to  which  the  metal  present  belongs  (931,  942)  will 
thus  be  determined. 

In  the  following  Table  (931)  the  metals  are  classified  in 
their  Analytical  Groups.  Each  Group  is  headed  not  only  by 
its  distinctive  number  and  by  its  distinctive  name,  but  also 
by  the  name  of  the  Group  Reagent  which  serves  to  precipi- 
tate its  members,  and  to  separate  them  from  those  of  the 
succeeding  Groups. 

When  the  Group  to  which  the  Metal  present  belongs  has 
been  ascertained,  the  metal  is  identified  by  the  properties 
or  appearance  of  the  Group-precipitate.  Its  presence  is  then 
confirmed,  if  necessary,  by  special  tests  which  are  applied 
either  to  the  precipitate  itself  or  to  another  portion  of  the 
ori(jinal  (toln/ion*  (947-951)- 

If  the  Acid-radicle  has  not  been  detected  during  the 
examination  for  the  Metal,  it  must  be  specially  tested  for. 
With  this  object  a  few  preliminary  experiments  are  first 
performed  (938-941).  If  these  do  not  serve  to  detect  the 
Acid-radicle,  it  must  bo  looked  for  by  the  apphcation  of 
special  tests  (952-961). 

Entry  of  Results. — W^hile  the  analysis  is  progressing,  each 
result  must  be  fully  entered  in  the  note-book  as  soon  as  the 
experiment  has  been  pnrfunned ;  the  form  of  entry  is  the  same 
as  that  which  is  adopted  for  the  directions  in  the  text  and  for 
the  Analytical  Tables. 

In  these  Simple  Analyses,  One  Metal  and  One  Acid- 
radicle  only  are  to  be  looked  for.    The  examination  for  the 


*  By  the  original  solution  is  meant  tlio  solution  of  the  substance, 
or  the  substance  itself  if  a  liquid  is  uiuler  analysis,  to  whicli  no  re- 
agent has  been  added. 
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ANALYSIS  OF  A  SIMPLE  SALT. 


[930.] 


Metal  is  therefore  carried  no  further,  as  soon  as  one  metal 
has  been  detected  with  certainty;  and  the  examination  for 
the  Acid-radicle  is  similar]}"-  at  an  end,  when  the  presence  of 
one  such  radicle  has  been  satisfactorily  proved. 

Two  Metals  may  occasionally  be  present,  as  when  an 
alum  [e.g.,  KA1(S04).2]  or  tartar-emetic  [l\(SbO)T]  is  given 
for  analysis. 

Two  Acid-radicles  may  also  occasionally  be  present  in  the 
liquids  which  are  given  for  analysis ;  since  a  salt  which  is 
insoluble  in  water  may  be  dissolved  in  an  acid. 

But  the  student  should  always  be  informed  of  the  presence 
of  two  Metals  or  Acid-radicles,  if  it  in  any  way  complicates 
the  analysis.  This  will  not  usually  be  the  case,  since  in  the 
most  commonly  occurring  instance,  that  of  a  phosphate  dis- 
solved in  HCl,  the  PO^  is  detected  in  Group  III.,  and 
accordingly  no  other  Acid-radicle  is  looked  for. 

It  must  also  be  remembered  that  the  substances  which  are 
given  for  analysis  are  liable  to  contain  impurities;  these 
impurities  will,  however,  usually  yield  only  slight  indications, 
which  will  not  mislead  the  analyst.  If  in  the  course  of 
analysis  only  a  slight  result  is  obtained,  it  is  well  to  proceed 
until  some  substance  is  detected  in  larger  quantity :  against 
the  slight  result.  Trace  of  ,  is  then  entered. 

The  separation  and  washing  of  a  precipitate  by  decantation 
(94'  97)     recommended  whenever  it  is  possible. 


[931.] 


CLASSIFICATION  OF  THE  METALS. 
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931.  Analytical  Classification  ok  the  Metals. 


GROUP  I. 

GROUP  II. 

Metals  whose  chlorides 
are  insulul)le  in  water 
and   in   dilute  acids, 
and  which  are  therefore 
precipitated  from  their 
solutions    liy  hydro- 
chloric acid. 

Metals  whose  sulphides  are  insoluble  in  dilute 
acids,  and  which  are  tlierefore  precipitated  from 
acid  solutions  by  hydrogen  sulphide. 

Hydrochloric  acid, 
nr  Silver  Grout) 

Hydrogen  sulphide  Group. 

 ■  s. 

/    Group  11..^. 
\  Copper  Group. 

Sulphides  insoluble  in 
NaHO  and  in  Am2S. 

f    Gkoup  II. b. 
\  Arsenic  Group. 

Sulphides  soluble  in 
NaHO  and  in  Am2S. 

[Lead     .             .  Vh] 
Silver    .      .      .  Ag 
Mercurosum .      .  Hg' 

1 

Mercuricum  .      .  llg" 
[Lead     .      .      .  Pl)J 
Bismuth       .      .  Bi 
Copper  .      .      .  Cu 
Cadmium      .      .  Cd 

Tin       .      .      .  Sn 
Arsenic        .      .  As 
Autiiuouy     .      .  Sb 

GROUP  III.              j    GROUP  IV. 

GROUP  V. 

Metals  which  ai'e  precipitated  l)y 
NH4OII  as  hydrates   from  their 
solutions   containing  ammonium 
chloride,  or  as  sulphides  or  hy- 
drates when  ammonium  suli)hide 
or  liydrogen    sulphide   is  subse- 
quently added. 

Metals  whose  car- 
bonates are  pre- 
cipitated l)y  ad- 
dition of  anmio- 
niuni  carbonate 
in  the  presence 
of  ammonium 
chloride. 

Metals  whose  solu- 
tions are  not  pre- 
cipitated by  any 
of  the  foregoing 
Group  -  reagents 
in  tlie  jiresence 
of  aninu)nium 
chloride. 

Ammonium  hydrate  and 
Ammonium  sulphide  Group. 

Ammonium  car- 
bonate, or 
Barium  Group. 

Potassium 
Group. 

C  Group  III.a. 
Ammonium 
hydrate,  or 

L  Iron  Group. 

'  Group  III.b. 

Ammonium 
1  sulphide,  or 
I,  Zinc  Group, 

Aluminium  .  Al 
Iron      .      .  Fe 
Chromium    .  Cr 

Zinc     .      .  Zn 
Manganese  .  Mn 
Nickel  .      .  Nl 
Cobalt  .      .  Co 

Barium  .      .  Ba 
Strontium      .  Sr 
Calcium  .      .  Ca 

Ammonium  NH4 
Potassium  .  K 
Sodium      .  Na 
Magnesium  Mg 

ANALYSIS  OF  A  SIMPLE  SOLID.  [932-934.] 


DIRECTIONS  FOR  THE  ANALYSIS  OF  A 
SIMPLE  SUBSTANCE. 

The  substance  given  for  analysis  may  be  either  a  solid  or  a 
liquid.  If  it  is  a  solid  examine  it  by  paragraphs  932,  et  seq., 
or  by  paragraph  969  if  it  is  metallic  in  appearance,  omitting 
paragraph  937.  If  a  liquid  is  to  be  analysed  begin  at  para- 
graph 937. 


THE  SUBSTANCE  IS  A  SOLID. 

The  Appearance  and  General  Properties  of  the  substance 
must  be  carefully  observed  and  noted  down. 

932.  Note  its  Colour.  The  following  are  some  of  the 
most  commonly  occuriing  coloured  substances  : — 

Blur :  hydrated  euin-ic  salts,  and  anhydrous  cobalt  salts. 
Fellow:  norraal  cbroniates,  precipitated  HgO,  CdS,  Af^S^,  SuSg. 
Brownish  yellow:  ferric  salts,  PbO. 
Orange-red:  certain  dichromates,  SbgSg. 
Red:  HgO,  Hgl^,  HgS,  rb,0,. 

Green:  Ct^O.,  CuCl^,  salts  of  Ni  and  Cr.    Pale  green :  ferrous  salt. 
Reddish-pink:  hydrated  cobalt  salts.    Pah  pink:  manganous  salts. 
Dark  brown:  PbOa,  Fe^O-,.    Light  brown:  PbO,  Bi^.  CdO. 
Black:  SbgSg,  CuO,  MnO.,,  FeS,  CogO^. 

White:  anhydrous  Sfdts  of  Cu  and  Fe",  and  many  other  powdered 
substances. 

Colourless :  a  large  number  of  colourless  crystalline  bodies  exist. 

933.  Any  characteristic  Smell  of  the  substance  is  noted. 

Observe  also  whether  it  is  in  powder,  crystals,  or  non- 
crystalline pieces,  examining  the  substance  with  the  assist- 
ance of  a  lens,  if  necessary.  Note  also  metallic  appearance, 
Jiardness,  or  attraction  by  magnet. 

934.  Powder  the  substance  as  finely  as  possible  (988), 
before  subjecting  it  to  systematic  analysis.  Then  ascertain 
its  solubility,  and  examine  the  substance  further,  as  is  directed 
in  paragraph  935. 
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Determination  of  tiiic  Solubilitv  of  the  Substance. 

935.  Since  the  Method  of  Examination  of  a  solid  sub- 
stance depends  upon  whether  it  is  sohiblo  or  insoluble  in 
water  or  in  acids,  the  following  experiments  are  tried  before 
the  analysis  is  commenced. 

Place  a  small  quantity  of  the  fuiehj-poiodered  substance 
in  a  broad  test-tube  or  in  a  boihng  tube ;  then  fill  the  tube 
about  one-third  witli  water,  and  heat  the  hquid  to  boiUng. 

Kefer  to  figures  37,  38  (85)  for  other  methods  of  dis- 
solving a  substance. 


The  Substance  does  not  dissolve  :  heat  a  fresh  portion  with  dilute  HCl  to 
boiling  :  if  it  does  not  dissolve,  decant  and  boil  the  residue  with  strong 
UCl 


2.  The  Substance 
dissolves. 

A  hsence  of  Grovp 
I.,  except  pos- 
sibly Pb. 


The  Substance  does  not  dissolve  :  put  aside  the  test- 
tul)c  coiitaiiiiiiK  the  sul)stance  with  HCl,  and  stir  a 
fresh  poition  of  the  sulistance  with  a  little  dilute 
HNO-j ;  if  it  is  not  dissolved,  boil.  If  dilute  HNO3 
does  not  dissolve  it,  heat  with  a  little  strong  HNO3  :— 


The  Substance  does  not  dissolve  : 
mix  tii:-;etlier  the  contents  of  the 
two  tul)es  ni  which  the  substance 
was  heated  with  11  CI  and  with 
llNO;j,  and  heat  the  mixture  : — 


1.  The  Substance 
dissolves. 

After  examining 
a  portion  of  the 
solid  substance 
by  the  prelimi- 
nary tests  (936 
and  938-941) 
proceed  to  exa- 
mine the  colour 
and  reaction  of 
tJie  liquid  to 
litunis   by  I., 

II.  (937).  a'li' 
refer  to  para- 
graphs 942  and 
952  for  direc- 
tions for  analy- 
sis. 


After  examining 
a  portion  of  tlie 
S(did  substance 
by  the  prelimi- 
nary tests  (936 
and  938-941) 
note  the  colour 
of  the  HCl 
solution  (937, 
I.),  and  proceed 
to  examine  it 
for  the  metal 
by  paragraph 
942,  and  for  the 
acid- radicle  by 
pars.  952  et  seq. 


3.  The  Substance 
di  solves. 

After  examining 
a  poi  tiim  of  the 
solid  substance 
by  the  prelimi- 
nary tests  (936 
and  938-941) 
note  the  colour 
of  the  Solution 
in  11  NO;j  (937, 
I.)and  examine 
it  for  tlic  metal 
by  paragraph 
942,  and  for  the 
acid-radicle  by 
par.  952, 

Note.  —  Before 
testing  for 
Group  II.,  add 
strong  HCl  and 
boil  down  con- 
siderably, in 
order  to  remove 
the  excess  of 
HXO3. 


4,  The  Substance 
dissolves. 

After  examining 
a  portion  of  the 
solid  sulistance 
by  the  prelimi- 
nary tt^sts  (936 
and  938  -  941, 
examine  the  so- 
lution in  the 
nuxture  of 
lIN'0;i  and  HCl 
for  the  metal 
by  paragraph 
942.  See  Note, 
colnmn  3. 

Examine  for  the 
acid-railicle  by 
par.  952. 


5.  The  Substance 
does  not  dis- 
solve. 

Examine  a  fresh 
portion  of  the 
substance  by 
p.aiagraptiS970- 
974- 
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ANALYSIS  OF  A  SIMPLE  SOLID. 


[936.] 


Prkliminary  Examination  op  a  Simple  Soluble  Solid 

FOR  THE  Metal. 
936.  The  Following  Table  is  thus  arranged.  In  the  first 
cokimn  is  placed  the  experiment  to  be  made ;  in  the  second 
a  list  of  the  results,  any  one  or  more  of  which  may  be 
observed ;  and  in  the  third  the  inferences  to  be  drawn  from 
these  results. 

Confirmatory  or  supplementary  experiments  are  occasion- 
ally entered  ;  they  are,  however,  only  to  be  tried,  when  the  re- 
sult which  immediately  precedes  them  in  the  second  column 
has  been  noticed. 

A  more  complete  Preliminary  Examination  will  be  found 
in  paragraphs  989-995. 


Experiment. 


Exp.  I,— Heat  a  por- 
tion of  the  substance 
in  an  ignition-tube, 
or  in  a  small  dry- 
test  -  tube,  first 
gently  and  at  last 
to  redness. 


Observation. 


I.  The  substance  does  not  change, 


Inference. 


n.  The  substance  changes  ; — 

1.  Drops  of  water  condense  in  the  top  of 
the  tube. 


2.  The  substance  fuses  easily 


Confirmatory  .—l&o'\\ 
anotlier  portion  of 
the  substance  with 
K  H  O  solution, 
added  in  excess. 

Confirmatory.—  Mix 
another  portion  of 
tlie  substance  with 
about  three  times 
as  much  dry  pnw- 
dered  Na.aCOs  and 
KCy,  and  heat  the 
mixture  in  an  igni- 
tion tube. 


3.  The  substance  sublimes  . 


A  smell  of  NHs  is  evolved,  and  white 
fumes  appear  when  a  rod  moistened 
with  strong  HCl  is  held  to  tlie  moutli 
of  the  lube. 

A  grey  sublimate  of  minute  metallic  glo- 
bules, best  seen  by  a  lens. 


A  black  mirror-like  sublimate. 


Absence  of  volatile, 
fusible  and  organic 
substances,  and  of 
water. 


Presence  of  H-jO. 


Probable  presence  of 
a  salt  of  NaorK,or 
of  Ba,  Sr,  Ca,  Mg. 

Presence  of  a  salt  of 
NH4,  As,  or  Hg: 
possibly  also  of 
H2C.,04,  of  S  (yel. 
low),  and  of  I 
(purple  vapour). 

Presence  of  NH4. 
Confirm  by  NuHT 
(147)  and  proceed  to 
paragraph  938. 

Presence  of  Hg.  Pour 
AmllO  upon  the 
original  substance, 
if  it  l)lackens  Hlf 
is  present  as  a  nier- 
cMvous  compound. 
Presence  of  As. 


.  The  substance  blackens,  and  gives  off 
CO2,  whicli  makes  a  drop  of  lime-water 
on  a  glass  rod  milky. 
The  cool  residue  in  the  tube  effervesces 
with  HCl,  whereas  the  original  sub- 
stance does  not. 


Presence  of  an  or- 
ganic substance. 

An  organic  salt  of  K, 
Na,  Ba,  Sr,  or  Ca. 
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Experiment. 


Observation. 


Gas  or  vapour  is  given  oflf :  smell  the 
vapour,  and  test  with  spark  and 
llaine  :— 

Eed  nitrous  fumes,  recognised  by  their 

smell  and  colour. 
SO.j,  known  by  its  smell  and  by  turniiiy 

K2Cro07  solution  green. 


CI,  Br,  I,  known  by  smell  and  cohmr :  Br 
and  I  by  action  on  starch  paste,  and  CI 
by  bleaching  moist  litmus. 

A  slip  of  wood  with  a  spark  at  its  end 
glows  brightly  or  bursts  into  flame. 
The  tlanie  has  a  greenish  halo. 

The  gas  can  be  lighted  and  burns  at  the 
mouth  (if  the  tube;  note  the  colour 
of  the  flame  : 

Pale  <jree:ni.sh-iie,lloiv :  the  gas  burns  ex- 
plosively, and  nitrous  fumes  are  seen. 

Bright  white,  the  unburnt  gas  smells  of 
garlic. 

Pcach-blosf 
lim 


h-bloxmin  coloured  flame,  grey  sub- 
late  of  Ug. 


Exr.  n.  Dip  into  the 
powdered  substance 
a  moistened  loop  of 
platinum  wire,  and 
told  the  loop  in 
the  Bunsen-flame ; 
moisten  with  strong' 
HCl,  and  again  hold 
the  loop  in  the  flame. 


The  substance  changes  colour  •— 
Yellow,         hot.  I  White, 
Vellow-brmrn,  „   |  Vellow, 
Bark  red  or  \        I       ,  , 
brmon,     j    "   \  ^^ed-brovm, 


cold. 


I.  The  flame  is  not  coloured, 


n.  The  flame  is  coloured  :— 

Interne  yellow,* 

Pale  lilac,*   appearing  crimson-red) 
through  the  imligo-prism  .        .  ( 

(  Appearing  green  through  the 
lied     J  .  i"'''Ko-l)rism 

t  Appeanng  intenxered  through 
\    the  indigo-i)rism  . 

/  Velloivish- green 

Green  J.  ^''^ij'^*-  9reen,  with  blue  centre  ) 

I  „^",'^'''"<>'3tening  with  1101  \ 
\  Bright  green  . 


Bine 


^Pale  bltie,  livid 
^  Vii^id,  blue 


luference. 


From  nitrate  of  a 
heavy  metal. 

From  coml)ustioii  of 
free  S  or  a  sulphide  ; 
l)()ssil)ly  also  from  a 
suljihate,  sulphite, 
or  thiosulphate. 

From  certain  chlo- 
rides, bromides,  or 
iodiiles  ;  also  free  I. 

0  from  chlorate  or 
nitrate,  or  NoO. 
from  NH4NO3. 


Presence  of  ffHs 
from  sti-ongly  heat- 
ed Nli,N!).^. 

Presence  of  PHg,  prob- 
ably from  a  hypo- 
phosphite  (624). 

Presence  of  Cy,  from 
UgCy.,. 


ZnO. 

PbO,  SnOg  or  BigOa. 


Probable  al)sence  of 
the  substances  enu- 
merated below. 


Presence  of  Na. 

K. 

Ca. 
Sr. 

,>    -  Ba. 

Cu. 

, ,  B2O3. 

(HgClg, 

)  SnClo, 
Us,Sb,Ph 
„     Cul'la,  CuBrg. 


*  If  the  coloration  for  jSTa  or  K  is  intense  im  frnTw         '■  '  

necessary,  but  the  presence  of  K  Should  be  "  !„  L  '  ^TtiS'"";  °V  "'^"^ 
ceed  to  938.   If  the  coloration  is  slight,  a  trace  onl/of  t^^e '1     ?  """"^ 
ewmuiation  for  another  metal  must  be  continued  P''"''"^'  ^"'^ 
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[936.] 


Experiment. 


Observation. 


EXP.  m.  Heat  a  por- 
tion of  the  substance 
in  a  cavity  scooped 
on  chai-coal,  in  the 
blowpipe-flame.  j 

Confirmatory.  —  De- 
tach a  small  pi)r- 
tion  of  tlie  white 
mass,  place  it  on 
turmei'ic  -  paper 
and  moisten  it  with 
a  drop  of  water. 
Confinnaton/. — If  the 
moist  residue  is 
not  alkaline  to 
test-paper,  moisten 
the  remainder  on 
tlie  charcoal  with 
Co(N03).2  solution 
and  heu"t  it  again 
strongly  in  the 
blowpipe-flame. 


1.  T 


Exp.  IV.  Fuse  a 
small  quantity*  of 
the  substance  into 
a  clear  colourless 
borax  bead  first 
in  the  inner  then 
in  the  outer  flame, 
noting  in  both 
cases  the  coloiir  of 
the  bead  -while  it  is 
hot  and  when  it  is 
cold. 


Confirmatory.  —  The 
presence  of  Cr  or 
of  iMn  may  be  con- 
firmed, by  fusing  a 
portion  of  the  sub- 
stance on  platinum 
foil  or  wire  with 
NaaCOs  and  KNO3. 


he  charcoal 
rapidly. 


"deflagrates,"  or  burns 


A  white  ma-ss  is  left  011  the  charcoal, 
which  does  not  fuse,  butsliines  bright- 
ly when  it  is  strongly  heated. 

The  paper  l)ec(>nies  brown  in  a  short 
time  where  the  substance  rests. 


A  blue  residue 


A  i)ink  residue 


A  green  residue 


Inference. 


Presence  of  a  nitrate 
or  chlorate. 

Presence  of  Ba,  Sr, 
Ca,  Mg,  Al,  or  Zu. 

Presence  of  P.a,  Sr, 
Ca,  or  possibly  of 
Mg. 


Presence  of  Al,  or 
of  a  jihosphate, 
arsenate,  silicate, 
or  borate. 

Presence  of  Mg. 


3. 


The  residue  is  not  white  and  does  not 
consist  of  globules  of  metal,  neither  is 
there  any"  incrustation  formed  upon 
the  charcoal ;  proceed  to  Exp.  IV. 


4.  The  residue  contains  metallic  globules 
or  an  incrustation  forms  on  the  char- 
coal; proceed  to  Exp.  V.,  omitting 
Exp.  IV. 


I,  The  bead  is  colourless  after  it  has  been 
heated  in  each  of  the  flames. 


II.  The  bead  is  coloured  :— 


In  outer  flame. 

Green,  hot;  blue,  cold. 

Blue,  hot  and  cold. 

Brown  or  dinijy') 
purple,  hot ;  light  > 
brown,  cold.  ) 

Brown,  hot ;  yellow,  \ 
cold.  / 

Green,^  hot  and  cold. 

Purjile,  hot  and  cold. 


In  inner  flame. 
Red  or  colourless 
Blue,  hot  and  cold 

Grey  or  black,  hot) 
aiid  cold     .  .) 

Bottle   green,  hot) 
and  cold     .       .  ( 
Green,  hot  and  cold 
Colourless,  hot  and  \ 
cold    .      .  .J 


Presence  of  Zn, 
possibly  Su. 


or 


A  yelMc  mass  on  cooling  . 
A  bluish-green  mass  on  cooling 


Absence  of  the  metals 
mentioned  below. 


Presence  of  Cu. 

Co. 

Ni. 

Fe.t 
Cr. 
Mn. 

Cr. 

Md. 


*  It  is  necessary  to  adjust  carefully  the  quantity  of  substance  which  is  fused  into  the 
bead  it  tormSsused  the  bead  will  often  appear  opaque;  .if  too  little  is  emp  oyed  0^^^^ 
of  the  metals  may  escape  detection.  It  is  best  to  fuse  only  a  minute  quantity  into  the  bead, 
and  then  to  add  more  if  no  colour,  or  only  a  faint  colour,  is  produced 

+  If  Cr  is  present  as  a  chromate,  it  gives  a  bead  which  is  brown  whilst  hot,  after  it  has 
been  fused  in  the  outer  blowpipe-flame  ;  but  this  brown  colour  is  not  reproduced  when  the 
be!d  iTs  been  dian"^^^^  to  green  by  being  heated  in  the  inner  flame,  and  is  then  again  heated 
in  the  outer  flame!  4his  distinguishes  the  brown  chromate  bead  from  the  brown  iron  bead. 
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Experiment 


Exp.  V  — Mix  the 
substance  in  a 
small  cavity  on 
wood  -  charcoil 
with  Na._,CO;j  and 
KCy.aiid  heat  the 
mixture  strongly 
in  the  inner  blow- 
pipe ■  flame  for 
several  minutes. 

If  ruetiUlk-  jrlol)ules 
are  ohtaiued,  de- 
tach one  and 
strike  it  sliarply 
on  the  bottom  of 
an  inverted  mor- 
tar witli  the 
pestle,  and  note 
wlietlur  it  is 
crushtd  to  pow- 
der {hrittt)')  or  is 
merely  flattened 
out  into  a  cake 
(malU'(ihU'). 

If  the  ylolinles  are 
white  and  malle- 
able, take  one 
upon  the  point  of  I 
a  penknife  and  | 
see  if  it  will  mark 
paper  a.s  a  black- 
lead  pencil  does. 


Observation. 


Exp.  VI,— Fuse  the 
substance  in  a 
colourless  b;ad  of 
NaAmHP04. 


an  incrustation  forms  on  the  charcoal : — 


Globules'. 

n'hltii  and  brittle. 

White  and  Itrittle. 

Jti'd  and  malleable. 

WliiteiXWiX  malleable  \ 
marking  paper  J- 
easily.  j 

White  and  malleable'^ 
not  marking;  jiaper  > 

and  readily  fusible.) 

White  and  malleable  \ 

not  mavkint;  paper, 

fusible  oniv  witlu 

difficulty.  ) 


Nolle 
None 


Incntxtation. 
White  . 
Yellow  . 
Nolle 

Yellow  . 


None 


None 


I  YellDW  wliilst  hot,^ 
I    u'hite  when  cold; 

becomes  green 
!  when  moistened 
]    with  Co(.NO;jX) 

solution  and  re- 
!   heated    in  the 
V  outer  flame 
Brmni 

I  White  ;  on  smell- 
I  ing  the  charcoal 
'\  a  smell  of  onions 
'   is  perceived. 


Particles  float  about  undissolved  in 
bead. 


the 


Inference. 


Presence  of  Sb. 

)) 

Jil. 

>> 

Cu. 

ti 

I'b. 

Sn. 

tj 

Ag. 

Zn. 

Cd. 

>> 

As. 

Presence 

of  silica 

or  of  silicate. 

After  the  above  Preliininary  Examination  for  the  INfetal  has 
been  completed,  the  Preliminary  Examination  for  the  Acid-radicle 
(938,  et  scq.)  is  made.  The  solution  of  the  substance  is  then 
prepared  according  to  the  directions  in  paragraph  935,  and  is 
subjected  to  the  full  systematic  Examination  (942,  et  t<eq.). 


304 


ANALYSIS  OF  A  SIMPLE  LIQUID. 


[937.] 


I 


937.  Preliminary  Examination  op  a  Liquid. 


Experiment. 


-Note  the 
of  the 


Observation. 


Exp.  I.- 
Colou' 
liquid. 

Note.— It  the  colour 
has  to  be  observed 
by  night,  it  should 
be  examined  by  tlie 
white  light  ob- 
tained by  burning 
a  piece  of  mag- 
nesium ribbon. 

Delicate  tints  are 
best  seen  by  look- 
ing through  some 
thickness  of  the 
liquid  at  a  sheet 
of  perfectly  white 
paper. 


EXP.  n.  —  Dip 
pieces  of  tur- 
meric-paper and 
of  blue  litmus 
paper  into  the 
liquid. 


I.  The  liquid  is  Coloured  :- 

(  Very  delicate 

Pi)ik 


Inference. 


Green 


Yellow 


\  Intense 
^Very  delicate  . 

(intense 

( Reddish-yellow 

\  Light  yellow  . 


Blue  . 

\  iolet  or  purple 


n.  The  liquid  is  Colourless 


It  is  Neutral  .        .        .        • ,  " 
(Not  affecting  the  colour  of  either  paper.) 


Presence    of    Mn  or 

dilute  Co  solution. 
Presence  of  Co. 
„   Fe",  Ni,    or  Cr 
in  dilute  solu- 
tion. 

„    Ni,  Cr,  or  CUCI2. 

,,  Fe'"  or  a  bi- 
chromate. 

,,  neutral  chro- 
niate. 

„  Cu. 

„  Cr,  or  a  perman- 
ganate. 

Absence   of    Co,  Ni, 
Cr,  Cu,  &c. 


Absence  of  free  acids 
and  alkalis,  and  ofi 
all  salts  but  some  of 
those  of  Am,  Na,  K, 
Mg,  Ba,  Sr,  Ca,  Ag. 


It  is  Acid  -in' 
(Turning  blue  paper  red.) 
If  no  effervescence  occurs  when  Na-^COs  is 
added  to  a  part  of  the  solution  and  the 
liquid  is  warmed,  free  acid  and  acid  salt  are 
absent. 


It  is  Alkaline  .  •  • 

(Turning  turmeric  brown.) 
If  the  colour  of  the  paper  becomes  only 
slightly  changed,  the  probable  presence  of 
an  alkaline  salt  may  be  inferred. 


Presence  of  a  free  acid, 
of  an  acid  salt,  on 
of  a  salt  with  acidl 
reaction. 


Presence  of  a  hydrate 
of  K,  Na,  Am,  Ca, 
Sr,  or  Ba,  or  of  a 
salt  with  alkaline 
reaction. 
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1 

1  Experiment. 

i 

Observation. 

Inference. 

1 

EX1>.  III.  Evaporate 
(87)  some  of  the 
liquid  upon  a  thin 

watch-glass,  *l\eateii 
very  gently  hy  siip- 
iwrtiiiij    it  siiiiie 
inches    aliove  a 
small  tianie  upon 
a   iiiece    of  wire 
gauze,  or  liy  nit  ans 

liath. 

If  a  residue  remains 
on  the  irlass  liriiig 
this  gnulually  into 
the  llanie  ami  heat 

A  Residue  is  left  ..... 

When  it  is  strongly  heated,  the  residue 
lilaulvens  ami  emits  a  smell  of  Ijurniui; 

The  smell  resembles  that  of  chai-red  sugar  . 

Xote. — If  tlio  cold  residue,  after  ignition, 
effervesces  with  a  drop  of  llCl,  whereas  the 
unignited  re.sidue  did  not,  the  organic  acid- 
radicle  is  uuited  with  Ba,  Sr,  Ca,  Mg,  Na, 
or  Ji. 

The  results  in  Exp.  I.,  par.  936,  may  be  here 
observed  and  should  be  noted. 

Keep  this  residue  for  E.xp.  VI. 

Presence  of  some 
dissolved  solid. 

Presence  of  organic 
substance. 

Pi-esence  of  T,  prob- 
ably. 

it  more  strongly. 

No  Residue  is  left  .... 
If  the  liquid  is  also  colourless,  tasteless, 
and  without  action  on  litmus-paper,  it  must 
consistonly  of  distilled  water,  and  no  further 
examination  of  it  need  be  made.    If  the 
li(|iiid  is  alkaline,  Ml-j  must  be  looked  for; 
if  it  is  acid,  H^CO;;,  II.2SO3,  HCl,  HNO3, 11.2804, 
and  other  volatile  acids  only  need  be  tested 
for. 

Absence  of  any  dis- 
solved solid. 

Ex  I'.  IV.  Add  excess 
of  strong  NaHO  or 
KHO  solution  and 
boil  (145), 

.-V  smell  of  NIT3 ;  moist  turmeric  is  turned 
l)rown,  and  a  rod  moistened  with  strong 
llCl  produces  wiiite  fumes  when  it  is  held 
ii)  the  mouth  of  the  test-tube. 

Presence  of  Is  H4. 
No    further  test 
need  be  tried  for  a 
metal.    Proceed  to 
par.  938. 

Exp.  V.  The  flame  coloration  (936,  II.)  is  then  tried  by  dipping  the  platinum  wire  into  the 
liquid,  which  has  been  first  concentrated  by  evaporation,  if  it  is  very  dilute. 

Exp.  VI.  Some  of  the  residue  from  Exp.  III.  (above)  is  then  fused  into  a  borax  bead 
(936,  IV.). 

*  A  piece  of  thin  glass  from  the  side  of  a  broken  flask  is  a  cheap  and  useful  substitute 
'or  a  watch-glass. 


These 

Hues 

run 

across 

both 

pages. 
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PRELIMINARY  EXAMINATION  FOR  THE 


[938- 


Preliminary  Examina- 
938.  Pour  dilute  H.,SO^  in  excess  upon  the  substance  in  a  test-tube, 
A  gas  is  evolved,  as  is  shown  by  the  occurrence  of  effervescence 


I,  Coloiurless  gas 
without  Smell, 

A  drop  of  lime- 
or  baryta-water, 
held  in  the  tube 
upon  the  end  of 
a  glass  rod,  be- 
comes milky  :— 


Presence   of  Car- 
bonate, 


2.  Pungent  gas  smelling  of 
Burning  sulphur, 

A  drop  of  K.2Cro07  solution, 
held  in  the  tube  upon  tlie  end 
of  a  glass  rod,  becomes 
green  : — 

Presence  of  Sulphite, 


2a.  Tbe  SOo  gas  is  given  off 
only  after  a  time  or  when  the 
liquid  is  warmed,  and  yellow 
S  sepai-ates  : — 

Presenci  of  Thiosulphate, 


3.  Gas  with  a  most 
Fetid  smell. 

A  slip  of  fllter- 
papi-r  moistened 
with  alkaline  so- 
lution of  PbA.i, 
and  held  in  tbe 
tube,  is  black- 
eued : — 


Presence  f 
phide. 


Sul- 


4.  Yellow  gas  smell- 
ing of  Chlorine, 

A  slip  of  moist 
litmus-paper  lield  i 
in   tlie   tube  is 
bleached  ; — 

Presence  of  Hypo- 
chlorite. 


939.  Add  a  little  strong  H^,SO^  to  a  fresh  portion  of  the  substance, 
results  enumerated  below  occurs  :  *  if  none  of  them  is  noticed,  pro- 


Fumes  are  evolved  with  Pungent  smell  and  Acid  reaction 
to  Utmus-paper  :  the  Liquid  is  not  coloured  : — 

Presence  of  Chloride  or  Nitrate. 


Confirmatory.  —  Hold  in  the 
fumes  a  glass  rod  moistened 
with  a  solution  of  AgNOs 
acidified  with  HNO3:  the 
solution  on  the  rod  becomes 
milky  : — 

Presence  of  Chloride. 

Confirm  by  par.  955. 


Confirmatory.  —  Di'op  into 
tbe  acid  some  small  pieces 
of  Cu,  reddish-brown  gas 
is  evolved : — 

Presence  of  Nitrate. 

Confirm  by  par.  537. 


2.  The  liquid  becomes  Yellow 
or  Red,   and    a  Chlorous  1 
smell  is  given  off :  wlien 
tbe   tube    is   warmed  a 
crackling  noise  or  slight 
explosion  is  produced  : — ■ 

Presence  of  Chlorate, 

Confinnatory. — To  a  portioni 
of  the  cold  solution  of  the 
substance  in  water  add  a 
few  drops  of  dilute  indigo 
solution,  then  pass  soma* 
SQ.i :  tbe  blue  colour  of  tha* 
indigo  is  destroyed  ifi 
Chlorate  is  present. 


m 

and' 

by 


illet 

m 

art  .4 


ill 


i;  pi 
iilitt 
Ps 


hi 


940.  Fluoride. — After  the  tube  which  contains  the  strong  HgSO^  audi 
the  liquid  into  a  porcelain  dish  for  the  test  in  paragraph  941.  Rinsed 
and  dimmed : — Presence  of  Fluoride  is  shown.    If  the  presence  off 

941.  Borate. — Add  alcohol  to  the  liquid  in  the  porcelain  dish  from- 
alcohol;  if  the  flame  has  a  greenish  tinge  it  shows  the  Presence  of. 

*  If  Pb,  Ba,  Sr,  or  Ca  is  present,|the  addition  of  H._;S04  will  cause  a  precipitate ' 
t  It  is  best  to  compare  this  smell  witli  that  which  is  evolved  when  NaA  i.^ 
somewhat  fragrant  smell  of  ether  when  it  is  heated,  and  this  might  be  mistaken 
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TION  FOR  THE  AcID-RaDICLE. 

and  observe  the  effect  which  is  producoa ;  *  then  heat  to  boihiig 
°^  evohition  of  a  characteristic  smell ;  see  below  :— 


5.  Reddish-brown  fumes  are 
evolved,  whicli  ure  most 
easily  seen  hy  lnokiiifr  down 
the  tube  at  wliite  paper. 

yVUen  a  little  cold  dilute 
II^SO,  and  Fe.SOj  solution 
ar  e  aililed  to  a  fre.sii  portion 
of  the  ori'iiiial  sulistance,  a 
deep  brown  liipiid  is  pro- 
duced :— 

Presence  of  Nitrite. 


6.  Smell  of  Almonds. 

Test  for  a  cyanide  and  a 
ferro-,  ferri-,  and  sulpho- 
cyanide  in  the  ori^ninal 
substance  by  par.  955. 


No  Gas  is  evolved  : — 

Al)scnce  of  carbonate,  sul- 
phite, tliiosuli)liate,  sul- 
pliide,  hypochlorite,  nitrite. 

Pass  on  to  par.  939. 


7.  Smell  of  Vinegar. 
Refer  to  par.  939  (4)  below. 


mix  well  by  shaking,  then  heat  gently,  and  note  whether  one  of  the 
ceed  to  paragraphs  940  and  941. 


3.  A  Reddish-brown  or  Violet  colour 
IS  produced  in  the  acid,  and  no 
e.\i)hwion  or  crackling  occurs 
when  it  is  wanned  :— 

Presence  of  Bromide  or  Iodide. 

If  coloured  vapour  is  evolved  when 
the  lui.icture  is  heated  (see  \ote), 
hold  in  the  vapour  tlie  end  of  n 
gla.ss  rod  covered  witli  moist 
starch  powder :  the  starch  becomes 
brown  ; — 

Presence  of  Bromide. 

The  starcli  becomes  blui.sh-black  :— 

Presence  of  Iodide. 

Note.— The  vapour  is  much  more 
ea.sily  ol)tained  if  the  sulistance  is 
mixed  with  ]Mn()._,  powder,  before 
H2SO4  is  added  aiul  the  mi.xture  is 
heated. 


of 

is 


4.  A  smell 
Vinegar 

noticed  :— 

Presence  of 
Acetate. 


Confirmntorji. 
Add  to  a  fresh 
portion  of  the 
substance  some 
alcohol,  then 
stroll','  ir.,.S04  ; 
a  fratcrant 
smell  proves 
the 

Presence  of 
Acetate,  t 


5.  A  mixture  of 
CO  and  CO.; 
gases  is  gi  /en 
off  :  found  by  a 
drop  of  lime- 
water  held  in 
the  tiilie  being 
turned  milky, 
and  by  the 
(■'0  burning 
with  a  bine 
flame  when  it 
is  kindled:— 

Presence  of 
Oxalate. 


6.  The  sub 
stance  Blackens 
and  evolves 
gases,  amongst 
which  SO2  is 
recognised  by 
its  smell  anil 
hy  its  action 
on  K^QvoOy 
solution  : — 

Probable  Pre- 
sence of  Tar- 
trate. 

Confirm  l>y 
par.  958. 


ihe  substance  has  been  heated,  let  it  stand  for  some  time;  then  pour 
out  tlie  tube,  and  dry  the  inside  thoroughly ;  if  it  is  seen  to  be  corroded 
luoride  is  decisively  indicated  here,  it  will  require  no  confirmation 
3ar.  940,  mix  the  contents  by  stirring,  heat  the  dish,  and  kindle  the 
Borate.    Confirm  by  par.  957. 

f»f  the  insohible  sulphate  ;  this  may  be  disregarded. 

iimilarly  treated,  since  a  mixture  containing  alcohol  and  H.SO.  evolve.  . 
or  the  more  fragrant  smell  of  ethyl  acetate.  " 
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GENERAL  TABLE  FOR  THE- 
These  H  the  metal  lias  not  been  detected  in  the  Preliminary 

iuT  Group  it  belongs  [see  Table,  par.  931],  and  then  trying  special 

across   

both 
pages. 


Xp^H^fThe  solution  of  the  substance  (935),  if  it  is  acid  (943),  is  mixed  with  dihite  Htt 


The  precipitate  may 
be — 
AgCl— wliite. 

PbCl2—  .. 


Examine  lor  the 
metal  by  Table  I. 
(947)- 


Into  the  srane  part  of  the  solution  H2S  is  passed  (945),  or  H.1 
the  liquid  is  heated  to  boiling  :- 


The  precipitate  may  be— 
HgS-black. 
PbS-  „ 
BijSg —  ,, 
CuS-  „ 
CdS-yeUow. 

SnS— brown. 
SnS2— yellow. 
Sb2S3— orange. 
As.j8s— yellow. 

Examine  for  the  metal  by 
Table  II.  (948). 


To  a  Fresh  portion  of  the  Solu- 
If  a  precipitate  is  pro- 
ride  (940),  or  a  borate 
to  dryness,  ignite  the 
and  add  AmCl  and  ex- 
If  the  removal  of  the  acid- 
metal  by  this  Table,  or 
If  AmHO  added  after  AmCl 
the  original  solution  are 
presence  of  phosphate, 


The  precipitate  may  be— 
AIo(H0)6— /  Colourless  and 

\  transparent. 
Cr2(HO)6— pale  green. 
Fe2(HO)6— reddish-brown. 

(  dingy  greeDi 
Fe(H0)2— turningbrowir 

(    in  the  air 

Examine  for  the    metal  bj 
Table  III. A.  (949). 

If  the  precipitate  is  opaquti 
or  white  and  has  none  of  thti 
aV)ove  appearances,  refer  ti 
par.  962. 


If  no  metal  can  be  found,  the  su^ 

Notes  to  the  General  Table. 

043  If  the  liquid  is  Neutral  or  Alkaline,  a  portion  of  it  is  made 
iust  add  by  slowly  dropping  in  dilute  HNO3  (628,  629). 

If  this  produces  no  precipitate,  or  a  precipitate  which  dissolves  when 
more  HNO3  is  added,  another  portion  of  the  liquid  is  examined  by  the 

above  Table.  -rnvrn 

If  a  precipitate  forms,  and  is  not  dissolved  when  more  HNO3  is 
added  it  may  consist  either  of  colourless  gelatinous  H4S1O,  from  a 
silicate  •  or  of  finely-divided  S,  which  is  precipitated  white  from  a 
T3olvsulphide,  and  yellow  from  a  thiosulphate  ;  or  of  SnOa,  or  meta- 
stannic  acid,  or  Sb20,  (all  white).  It  may  also  possibly  be  SnS^, 
As  (both  yellow)  ;  or  Sb2S3  (orange-red) :  these  sulphides  are  pre- 
cipitated from  a  sulphostannate,  asulpharsenate,  and  asulphantimonite 

respecUvdy.  ^^^^^^^^^^^  ^^^^  evaporate  the  acidified  solution 
quite  to  dryness  and  then  heat  the  residue  with  dilute  HCl.    If  an 


lii-l" 


fae  1 
mavl 
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III.B, 
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EXAMINATION  FOR  THE  MP:TAL. 
Examination,  it  is  most  rapidly  found  by  ascertaining  to  which 
tests  for  each  member  of  the  Group. 

(944);  if  any  precipitote  fonns,  more  HCl  is  added  and  the  liquid  is  lieuted  :— 


water  is  added  to  it  (946) :  the  liquid  is  then  diluted,  and,  if  no  precipitate  has  formed, 


tion  AmCl  is  added,  then  AmllO  is  added  in  excess  : — 

duced  and  either  an  organic  substance  (936,  I.,  4 ;  939,  5,  6),  a  silicate  (936,  VI.),  a  fluo- 
(832)  lias  been  found,  acidify  anotlier  part  of  the  original  solution  with  IICl,  evaporate 
residue,  and  dissolve  it  when  cool  in  dilute  HCl ;  tllter,  if  necessary,  from  SiOo  (599), 
cess  of  AniilO. 

radicle  by  the  above  treatment  does  not  lead  to  the  satisfactory  detection  of  the 
if  chromate  is  present  (946),  it  may  be  necessary  to  proceed  as  is  directed  in  pai-.  962. 
has  produced  a  precipitate  and  the  above  acid-radicles  ai-e  not  present,  a  few  drops  of 
added  to  some  AmIl.Mo04       warmed:  if  a  yellow  precipitate  forms,  indicating  the 
proceed  to  par.  962. 


To  the  same  part  of  the  solution  add  a  few  drops  of  Am2S,  or  H2S  water  :— 
(iVoft!.— Before  Am.jS  is  added  the  liquid  may  be  blue,  showing prese7ice  of  Ni,  or  violet 
from  dissolved  CroHeOe  ;  the  latter  must  be  precipitated  by  boiling  the  liquid  for  a 
long  time  in  a  porcelain  dish  before  Am2S  is  added.] 


The  precipitate 
may  be — 

ZnS—white. 

i[nS— pink. 

Nis — black. 

Cos—  ,, 

[FeS-    „  ] 

Examine  for  the 
metal  by  Table 
III.B.  (9So). 


To  the  same  portion  of  the  solution  add  Am2C0 


'3 


The  precipitate 
may  be  : — 

BaCOj— white. 

SrCOg-  „ 

CaCOs-  „ 

Examine  for  the 
metal  by  Table 
IV.  (951). 


To  the  same  part  of  the  solution  add 
Na2HP04,  warm  gently  and  shake  well  :- 


A  white  crystal- 
line precipitate 
proves : — 
Presence  of  Mg. 


The  metal  still  present 
may  bs  NH4,  Na,  K  ; 
it  should  have  been 
detected  already  in 
the  Preliminary  Ex- 
amination by  Tests 
I.  or  II.  (par.  936). 


Stance  is  probably  an  acid  (937,  II.). 

insoluble  residue  remains,  tliis  confirms  the  presence  of  a  silicate.  The 
rt-siilue  is  filtered  olF  and  the  filtrate  is  tested  for  the  metal  by  the 
above  General  Table. 

Any  other  substance  which  remains  undissolved  by  the  dilute  HNO3 
is  filtered  off.  It  may  generally  be  recognised  by  its  appearance  ; 
Sn02  becomes  yellow,  and  Sb.Pg  orange,  when  it  is  moistened  with 
H2S  water  :  metastannic  acid  becomes  golden-yellow  when  it  is  moist- 
ened with  SnCla  solution. 

944.  Any  Change  which  occurs  on  the  Addition  of  HCl  should  be 
carefully  noted.  Gas  may  be  evolved  and  recognised  by  the  statement 
given  ill  paragraph  938  ;  a  yellow  solution  may  become  reddish-yellow, 
and  this  change  renders  probable  the  presence  of  a  neutral  chromate. 

945.  Before  H.,S  is  added,  the  liquid  must  be  heated  ;  and  if  a 

smell  of  01  or  of  SOg  is  evolved,  or  a  reddish-brown  gas  is  perceived 
the  solution  is  boiled  down  nearly  to  dryness,  then  dilute  HCl  is 
added  and  H2S  is  passed  into  the  acid  solution.    Gelatinous  H^SiO 
may  separate  during  the  process  of  evaporation  (943). 
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946.  The  Following  Changes,  which  occur  on  the  gradual  addition 
of  H,,S,  are  noteworthy.  If  the  precii)itate  is  white  at  first,  then 
brown,  and  at  last  black,  tlie  presence  of  Hs^"  is  shown.  If  the 
Solution  is  strongly  acid  and  gives  a  red  precipit^ite,  which  becomes 
black  when  the  liquid  is  diluted  with  HgS  water,  Pb  is  present. 

A  separation  of  white  sulphur  may  occur  :  if  it  is  accompanied  by 
one  of  the  following  changes  of  colour  in  the  solution,  the  change 
should  be  noted  down,  since  it  is  characteristic  : — 

A  reddish-yellow  solution  changing  to  pale  green  indicates  a  ferric  salt. 
X  reddish-yellow         „  ,,         bright  green    „  chroniate. 

A  green  „  ,,         colourless       „  manganate. 

X  purple  ,,  ,,         colourless       ,,  permanganate. 

A  green  alkaline  solution  becoming  imrple  when 

diluted  or  acidified,  and  colourless  2cith  H-jS        ,,  manganate. 

The  precipitate  of  S  is  known  by  being  perfectly  white  and  by  lun- 
ning  through  a  filter  :  it  need  not  be  further  examined. 

If  a  yellow  precipitate  forms  only  when  the  liquid  is  boiled,  it  may 
consist  of  either  AsgSj  from  an  arsenate,  or  SnSg  from  a  stannic  salt. 


TABLE  I,— SILVER  GROUP. 

947.  A  white  precipitate  forms  when  HCl  is  added.  It 
may  consist  of  AgCl,  PbCl2,  or  Hg^Cl.^,  The  precipitate  is 
eitlier  not  dissolved  when  it  is  boiled  with  HCl :  or  it 
dissolves  and  reappears  in  crystals  when  the  liquid  is  cooled, 
showing  the  presence  of  Ph. 

Let  the  precipitate  settle  and  decant  the  liquid  :  then  boil 
the  precipitate  in  the  test-tube  with  AmHO; — 


2.  The  precipitate  does  not  dissolve: — 


1.  The  precipitate  dissolves, 
at  least  in  part,  see  ^'ote 
below : — 

Presence  of  Ag. 

Confirm  by  adding  excess 
of  HNO3  to  the  AniHO 
solution,  a  milkiness 
appears. 


A'o£e.— Coagulated  AgCl 
often  dissolves  only  slowly 
ill  AmHO. 


The  colour  of  the  precipi- 
tate is  unchanged: — 
Presence  of  Pb . 

Confirm  by  decanting 
the  li(iuid,  dissolvhig  the 
precipitate  in  HA,  and 
addin-  K-jCrO,  to  the 
solution ;  a  yellow  pre- 
cipitate forms. 


The  precipitate  becomes 
black:— 
Presence  of  Tig" 
(Mercuroswn). 

Confirm  hy  immersing 
a  hriv'ht  slip  of  copper 
in  a  portion  of  the  ori- 
ginal solution,  made 
acid  with  a  few  drops  of 
llN'Os;  a  grey  deposit 
forms  on  the  Cu,  which 
becomes  white  and  bright 
when  it  is  rubbed  ;  — 
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94?.  Note  the  colour  of  the  precipitate  yielded  by  H.,S  : — 


1.  The  precipitate  w  dark  brown  or  black  :  it  iiuiy  consist  of  SiiS,  CuS,  II gS,  EijSa,  PbS. 

Add  pure  XallO  in  excess  to  a  small  (luantity  of  the  liciuid  and  precipitate,  or  of  the 
irecipitate  alone  after  decanting  the  litiuid  if  possible,  and  boil : — 


The  precipitate  dis- 
soli  :'s:  to  a  portion 
of  tlie  iN'allO  solu- 
tion aild  IR'l  in 
excess,  brown  SnS 
is  reiirecipitated 

Boil  another  portion 
of  the  precipitate 
aflcraddintralittle 
yellow  Ain....S,  then 
add  lU'l  in" excess, 
a  yellow  precipi- 
tate of  SnS.,: — 
Prcgf-nce  of  Sn" 
(Stannosuni). 


The  presence  of  Sn" 
should  be  con- 
firmed by  adding 
HgClj  to  a  part  of 
the  original  IK'l 
solutit)n,  a  white 
precipitate  shows 
Presence  of  Sn". 


The  precipitate  does  not  dissolve:  it  may  consist  of  CuS,  ITgS,  Bi.jSs,  PbS. 
a.  The  original  solution  is  blue  or  tjretn,  and  becomes  intensely  blue  on 
addition  of  excess  of  AniHO:— /'rt-st'/ice  of  Cu  .  Conllrm  by  ailding  a  few 
drops  of  ILAO^  to  the  original  solution,  and  dipping  into  it  a  bright  kuife 
blade  or  piece  of  steel,  a  red  tllni  of  Cu  deposits. 

jtJ.  The  original  solution  is  colourless.  Test  in  separate  portions  for 
Ug,  Bi,  I'b  by  the  following  special  tests:— 


Immerse  in  the  acid 
solution  a  bright 
strip  of  Cu;  a  grey 
tUm  is  slowly  de- 
Iiosited,  which  be- 
coiues  brilliant 
white  when 
it  is  rubbed. 
Presence  of  Ilg" 
(Mercuricum.) 

Caution. — A  salt  of 
US' may  have  been 
converted  into  an 
Kg"  salt  during 
solution  in  IINOs. 
The  original  sub- 
stance s  h  o  u  1  d 
therefore  be 
treated  with 
A  m  II  0  ;  if  it 
blackens  Ilg'  was 
present;  if  not, 
llg "  was  originally 
in  the  substance. 


Pour  another  portion  of 
the  original  solution  into 
ranch  cold  distilled 
water ;  a  white  preci- 
pitate or  milkiness; — 
Presence  of  Bi . 

Note. — If  Bi  is  sus- 
pected and  no  milkine.^s 
appears,  add  excess  of 
AnillO  to  the  liquid  ;  Bi 
If  present  falls  as  hjd- 
rate  ;  filter,  pour  one  or 
two  drops  of  boiling  HCl 
upon  the  prerii)itati!,  and 
let  them  drop  through 
into  large  excess  of  water; 
a  milkiness  on  stirring 
shows  presence  of  Bi . 


To  a  portion  add 
a  white 
l)recipitate: — 
Presence  of  Pb , 

Tlie  presence  of  Pb 
should  be  confirm- 
ed by  adding  to  a 
part  of  the  origi- 
nal solution  AmHO 
in  excess,  then  HA 
in  excess,  then 
KjCrO^ :  a  yellow 
precipitate  shows 
presence  of  Pb . 


2.  The  precipitate  is  yellow:  it  may  consist  of  CdS,  AS2S3,  SnSj. 
Boil  the  precipitate  with  XallO  in  e.xcess,  after  decanting  the  liquid  if  possible  : — 


The  precipitate  does 
not  dissolve  :  it  is 
bright  yellow  and 
pulverulent- 
Presence  of  Cd . 

The  presence  of 
Cd  may  be  con- 
firmed by  showing 
that  the  precipitate 
produced  by  II2S 
dissolves  on  being 
boiled   with  dilute 


The  jirecipifate  dissolves :  it  may  consist  of  AsoSs  or  SnSj ;  examine 
portions  of  the  original  solution  as  directed  below: — 


Acidify  a  portion  with  IICl,  and  place 
in  it  a  piece  of  Zn  which  is  known  to 
be  free  from  Sn:  Sn  is  deposited  on 
the  Zn  : — 

Presence  of  Sn''  (Stannicum). 

The  deposit  of  .Sn  should  be  detached 
from  the  Zn.  and  diss.)lved  by  boiling  it 
in  a  test-tube  with  a  little  strong  HCl, 
then  UgCU  added  ;  a  white  precipitate 
confirms  the  presence  of  Sn<'- 


Acidify  a  portion  with  strong 
HCl,  immerse  in  it  some 
pieces  of  bright  Cu  and 
boil,  a  black  film  is  de- 
posited on  the  Cu : — 
Presence  of  As . 

Note. — If  the  yellow  pre- 
cipitate formed  by  HjS 
appeared  at  once  in  the 
cold,  the  As  is  present  as 
Arsenosnm ;  if  it  formed 
only  on  boUing,  Arsenicum 
is  present. 


3.  The  precijntate  is  orange  red :  it  may  consist  of  Sb2S3 . 

Confirm  by  acidifying  a  portion  of  the  original  solution  with  HCl,  and  immersing  In  it  a 
Mece  of  Zn  resting  ou  a  slip  of  platinum  foil,  a  black  stain  on  the  platinum  (329) : — 

Presence  of  Sb. 

Note.— It  occasionally  happens,  if  the  solution  has  not  been  sufficiently  diluted,  that  UjS 
rives  a  reddish  precipitate  with  Pb-solution ;  such  a  precipitate,  however,  becomes  black  on 
adding  more  HjS-water. 
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TABLE  III.A.— IKON  GROUP. 
949.  The  colour  of  the  precipitate,  produced  by  addition  of 
AmCl  and  AmHO,  will  usually  indicate  whether  it  contains 
Fe,  Al,  Cr;  the  following  tests  may  be  made  in  confirma- 
tion. 

To  a  portion  of  the  original  solution  add  KHO  gradually 
until  a  precipitate  has  formed  (see  Note  below  Table),  then 
add  KHO  in  excess  and  stir  weU,  one  of  the  following  results 
will  be  obtained  : — 


1.  A  colourless  gela- 
tinous  precipitate 
is  produued  which 
dissolves  in  ex- 
cess of  KHO  to  a 
colourless  solu- 
tion :  tlie  precipi- 
tate reappears  on 
the  addition  of 
much  AmCl  to 
the  KHO  solu- 
tion : — 

Presence  of  Al. 


2.  A  pale  green 
gelatinous  pre- 
cipitate forms, 
which  dissolves 
in  excess  of  KHO 
to  a  green  solu- 
tion ;  when  Pb02 
is  added  to 
this  green  solu- 
tion and  the 
liquid  is  boiled 
and  then  acidified 
with  HA,  a  yellow 
precipitate  is  pro- 
duced : — 
Presence  of  Cr. 


I 


3.  A  reddish 
brown  precipi- 
tate forms,  inso- 
lul)le  in  excess 
of  KHO.  Add 
KCyS  to  the 
original  HCl 
solution,  a  Wood- 
red  coloration  :— 

Presence  of  Fe'". 


4.  A  dingy  green  . 
precipitate] 
forms,  insoluble 
in  excess  of 
KHO,  the  pre- 
cipitate if  filter- 
ed off  and  ex- 
posed to  the  air 
gradually  be- 
comes browTi : — 

Presence  of  Fe". 


iV-oie.— if  a  colourless  gelatinous  precipitate  has  been  produced  by 
AmCl  and  AmHO,  and  is  not  produced  by  addition  of  KHO,  a  silicate 
is  probably  present.  Its  presence  is  confirmed  by  fusing  the  soh.l 
substance  in  a  bead  of  NaAmHPO^  (600)  ;  or  by  evaporating  the  acid 
solution  to  dryness,  a  residue  insoluble  in  acid  is  SiO,  and  may  be 
tested  by  the  bead  as  directed  aboTe. 


TABLE  III.B.— ZliXC  (iUOUP. 

950.  The  colour  of  the  precipitate,  produced  by  addition  of 
Am.  S  or  of  H.^S  to  the  alkaline  solution,  will  distinguish  Zn 
or  Mn  from  Ni,  Co,  and  Fe,  and  will  usually  distinguish 
Zii  and  ]\In  also  from  one  another.    See  a  and  &  below  :— 

a.  If  the  precipitate  is  light  in  colour,  add  to  some  of  the  original 
solution  KHO  gradually  until  a  precipitate  forms,  then  add  KHO  in 
excess.    A  white  precipitate  which  dissolves  in  excess  of  KHO  and  is 
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reprecipitateJ  by  the  addition  of  H.^S,  proves  tlie  imscnce  of  Zn.  A 
ivhite  or  broicnish  precipitate,  wliicli  is  insoluble  in  excess  of  KHO 
and  gradually  tarns  dark  brown  when  it  is  filtered  off  and  exposed  to 
the  air,  shows  the  presence  of  Jin. 

b.  If  the  precipitaie  is  black  it  will  consist  of  either  CoS  or  NiS  or 
possibly  of  FeS  ;  the  metals  Ni  and  Co  may  be  distinguished  from  one 
anothei-  by  the  colour  of  their  solutions — Ni  being  green,  Co  pinJc — 
and  by  the  colours  which  they  impart  to  the  borax-bead  (936,  IV.). 
FeS  is  only  precipitated  here  from  a  dilute  solution  of  a  ferrous  salt  : 
Fc"  is  best  detected  by  paragraph  949. 


TABLE  IV.— BARIUM  GROUP. 

951.  Dip  a  loop  of  platinum  wire  either  into  the  ori<,dnal 
solution,  or  into  the  IICl  solution  of  the  precipitate  which 
was  produced  by  Am.^CO^,  and  hold  the  wire  in  the  Bunsen- 
flame.  If  the  flame- coloration  thus  obtained  is  not  decisive, 
the  confirmatory  tests  which  are  placed  at  the  foot  of  each 
column  should  be  tried. 


A  yellowish  green  flame:-  ' 
Presence  of  Ba . 

Confirmatory. -.KM  CaSO^ 
to  a  perfectly  cold  por- 
tion of  the  Hri  solu- 
tion,.1  precipitate  forms 
immediately. 

yofc.  —  A  green  flame 
Coloration  inav  he  pro- 
duced hy  UaBOs. 


A  crimson  flame,  appear- 
ing deep  red  through 
tlie  iiidiyo-prism  : — 
Presence  0/  Sr. 

Confirmatory. -\M  CaSO, 
to  a  perfectly  cold  por- 
tion of  the  IICl  sohi- 
tion,  no  precipitate  is 
pro(hiced,  hut  a  pre- 
cipitate appears  im- 
mediately on  hoiling. 


A  red  flame,  appearing 
dingy  green  through 
the  indigo-prism  : — 
Presence  of  Ca. 

Confirmatory. -Add  Cn?,()^ 
to  part  of  the  IICl  solu- 
tion and  hoil ;  no  pre- 
cii)itate.  To  the  I'est 
add  AinllO  in  excess, 
and  Ani2('204 :  a  white 
precipitate  forms. 


E\'AMIXATIOX  FOR  THE  ACID-RADICLE. 

952.  If  the  acid-radicle  has  not  been  found  already  by 
the  Preliminary  Examination  (938-941),  or  during  the 
Examination  for  the  Metal  (942-946)  or  elsewhere,  it  must 
be  tested  for  as  is  directed  below. 

Since  the  solubility  of  the  substance  (935)  and  the  metal 
which  it  contains  are  now  known,  much  trouble  is  usually 
saved  by  referring  to  the  "  Table  of  Solubilities  "  (1038). 

For  the  following  tests  separate  portions  of  the  original 
substance  must  be  used,  and  the  tests  must  be  tried  in  suc- 
cession until  an  acid  radicle  is  found. 
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953.  Nitrate,  if  it  is  present  in  small  quantity  only,  may 
have  escaped  detection  in  the  Preliminary  Examination.  It 
is  well,  therefore,  to  test  for  nitrate  in  the  aqueous  solution  of 
the  substance  by  ferrous  sulphate  solution  and  H.SO^  (537). 

954.  Sulphate.— Acidify  the  liquid,  or  if  the  substance  is 
a  soUd  dissolve  it,  with  dilute  HCl,  and  add  BaCl^.  If  Pb, 
Hg',  or  Ag  has  been  found,  acidify  with  HNO3  and  add 
Br(N03),,  since  HCl  and  chloride  would  precipitate  any  of 
the  above  metals  as  chloride.  A  white  precipitate  forms, 
which  does  not  disappear  when  the  Hquid  is  boiled:— 
Presence  of  Sulphate. 

955.  AgNO,,  test.— Acidify  the  liquid,  or  if  the  substance 
is  a  solid  dissolve  it,  with  dilute  HNO3 :  filter  off  any 
precipitate  or  residue  which  may  form,  and  add  AgNOg  solu- 
tion. A  precipitate  forms,  which  does  not  disappear  when  the 
liquid  is  warmed.  Note  the  colour  of  the  precipitate;  and 
examine  it  according  to  the  directions  in  1,  2,  or  3  below  :— 


AgCyS. 
add  FejClo  : — 


A  deep  blue  precipitate : 
Presence  of  a  ferrocyanide. 


A  l)lood-red  coloration  : 
Presence  of  a  sulphocyanide. 


It  re,Cl.  has  sielded  „eitl,e,  a  P'«*';;f  ,7/  ^r'SS''?";,? p?eclS^ 


The  precipitate  remains 

undissolved : 
Presence  of  a  chloride. 


The  precipitate  dissolves  : 

Presence  of  a  cyanide.  _ 
Confirm  the  presence  of  a  cyanide  in  a  portion  of 
the  original  solution  by  boiling  it  with  1  eSO^, 
re,Clc,  and  KHO,  and  acidifying  with  HCl :  a 
blue  precipitate  :   Presence  of  a  cyanide. 


2.  The  precipitate^  is  yfow  fud  I^^;^^^^,;;;  tHi  starch  solution 
blue  coloration :  presence  of  an  iodide. 


1  solution  •  a  deep  blue  precipitate  shows  : 
soiuuon  ,  a  uccp        f  a  femcyamde. 


1 
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Note.— la  Hg  has  been  found,  HgCya  may  be  present,  i^veii  if  no 
preci()itate  has  been  formed  on  the  addition  of  AgNO^,  If  HgCy2  lias 
not  been  already  detected  in  j)aragrai)h  936,  and  its  jiresence  is  sus- 
pected, refer  to  paragrai)h  651. 

956.  Phosphate,  Arsenate.— Acidify  the  liquid,  or  if  the 
sul)stance  is  a  soUd  dissolve  it,  with  dilute  HNO3.  Filter  if 
necessary,  add  a  small  quantity  of  this  acid  solution  to 
some  AmHMoO^  solution,  stir  well  and  warm  gently : — 


A  yclloto  precipitate  shows  : — 
Presence  of  Pho»pliate. 


If  no  2)reci}ntate  forms,  heat  to 
boiling  ;  the  formation  of  a 
yellow  precipitate  shows  : — 

Presence  of  Arsenate. 


The  presence  of  phosphate  or  arsenate  may  be  confirmed  by  separat- 
ing the  yellow  precipitate  by  filtration  or  decantation,  and  dissolving 
it  by  means  of  a  little  AmHO.  A\  hen  AmCl  and  MgSOj  are  added 
to  this  solution  a  crystalline  precipitate  will  form.  This  is  filtered 
otr  and  washed  with  a  little  cold  water,  and  several  drops  of  AgNOa 
solution  are  poured  upon  it  on  the  filter.  If  the  precipitate  becomes 
ijcUow,  phosphate  is  present  ;  if  it  becomes  brown,  arsenate  is  present. 
The  presence  of  arsenate  is  further  confirmed  by  the  appearance  of  a 
yt-llow  precipitate  (As^a,),  when  HoS  is  passed  into  the  boiling  HCl 
solution  of  the  original  substance  (313). 

957.  Borate.— Acidify  the  original  liquid,  or  if  the  sub- 
stance is  a  solid  stir  it,  with  HCl.  Dip  into  this  solution  a 
piece  of  turmeric-paper,  and  dry  it  at  a  gentle  heat.  If  the 
paper  is  reddish-brown  when  it  is  dry,  and  the  colour  changes 
to  dingi/  brown  or  blue-black  when  the  paper  is  moistened 
with  AmHO,  the  Presence  of  Borate  is  proved, 

958.  Tartrate,  Oxalate,  Fluoride.— The  Acid-radicles,  07ie 
of  wliich  may  be  present,  are  T,  and  F.  If  the 
metal  already  found  belongs  to  Groups  I.,  II.,  HI.,  or 
IV.,  the  examination  for  one  of  these  radicles  must  be 
commenced  at  paragraph  960 ;  if  the  metal  present  is  K, 
Ka,  or  NH^,  examine  by  paragraph  959. 

959.  jMake  the  solution  just  alkaline  with  AmHO,  and 
add  CaCl,  solution  in  some  quantity ;  then  shake  the 
liquid  well  and  let  it  stand  if  no  precipitate  forms  at  once. 
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The  Preliminary  Examination  (939,  940)  will  have  indicated 
already  which  of  these  Acid-radicles  is  present :  it  is  there- 
fore possible  to  decide  which  of  the  three  columns  below 
must  be  used  for  the  further  examination  of  the  pre- 
cipitate : —  


1.  A  crystalline  precipitate,  ap- 
pearing after  some  time,  shows 
l)Toba,hlQ  presence  of  a  tartrate. 

Confirm  by  1  or  2  below  :— 

1  Decant  the  liquid  from  the 
precipitate,  add  a  Uttle  water 
and  a  single  drop  of  AmHO, 
drop  in  a  small  crystal  of 
AgNOj  and  warm  very  care- 
fully ;  a  mirror  is  formed 
below  the  crystal,  presence  of 
a  tartrate.  This  test  may  be 
tried  also  with  the  origmal 
solution  by  pars.  693  ^94. 

2.  On  acidifymg  some  of  the 
neutral  original  solution  with 
HA  and  adding  alcohol  and 
KA  (unless  K  or  NH<  has 
been  detected  in  the  sub- 
stance), and  stirring  or  shak- 
ing well,  the  formation  of  a 
crystalline  precipitate  shows 
■j/resence  of  a  tartrate. 


11.  A  white  pulverulent  pre- 
cipitate shows  probable 
presence  of  an  oxalate. 


The  presence  of  an  oxalate, 
already  indicated  by  the 
test  in  939-  ^>  must  be 
confirmed  either  by  warm- 
ing some  of  the  ongnial 
substance  with  MnO,  and 
IL^SGi,  and  testing  for 
CO2  gas  (673):  or  by  the 
more  tedious  metliod  01 
filtering  off  and  drying 
some  of  the  above  preci- 
pitate of  CaCiOi,  then 
igniting  it  and  testing 
for  a  carbonate  with  HCl 
(677). 


III.  A  gelatinous 
floccuLent  precipi- 
tate shows  pro- 
bable presence  of 
a  fluoride. 

Confirm  by  filtering 
and  wan'miiig  some 
of  the  precipitate, 
or  of  the  sub- 
stance if  solid, 
in  a  small  cup  of 
lead  or  platiniun 
with  strong 
HzSOi;  fumes 
will  be  evolved 
■which  etch  a  pro- 
perly prepared 
watch  glass  (606). 


960.  An  oxalate  or  fluoride  of  Ba,  Sr,  Ca,  or  Mg  will  have 
been  already  detected.  A  tartrate  of  any  one  of  these 
metals  is  found  by  gently  heating  the  finely  powdered  sub- 
stance if  it  is  solid,  or  the  neutral  solution  if  it  is  liquid,  with 
v.-rij  dilute  AmHO  and  a  crystal  of  AgNOg  :  the  formation 
of  a  mirror  shows  the  presence  of  a  tartrate.  If  a  metal  of 
Group  I.,  II.,  or  III.  has  been  found,  the  metal  must  be 
separated  before  the  acid-radicle  is  tested  for. 

If  the  metal  belongs  to  Group  I.  or  II.,  make  the  original 
solution  just  acid  with  HCl,  and  either  add  H2S  solution,  or 
pass  H,S  into  the  liquid  for  about  five  minutes.  Filter  off 
the  precipitate  and  add  more  H2S  to  the  filtrate  ;  if  no  more 
precipitate  forms,*  boil  the  Hquid  in  a  porcelain  dish  until  it 
ceases  to  smell  of  H.^S,  and  examine  the  liquid  by  par.  959. 


*  If  any  further  precipitate  forms,  add  more  of  the  reagent,  filter, 
and  test  again  by  adding  more  of  the  reagent  ;  this  addition  of  reagent, 
filtration, °and  testing  the  filtrate  is  repeated  until  no  further  precipi- 
tate forms  when  the  reagent  is  added  again  to  the  filtrate. 
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If  the  metal  belongs  to  CJroup  III.,  add  AruCl,  and 
AniHO  till  the  liquid  is  alkaline ;  then  add  Am.^S,  boil  and 
filter ;  now  add  more  Am.,S  to  the  filtrate,  and  if  no  more 
preeipitate  forms  (see  Footnote,  page  316),  add  HA  in 
excess,  boil,  filter  off  S  if  necessary,  and  examine  the  liquid  by 
paragraph  959. 

961.  If  no  Acid-radicle  can  be  found  in  any  quantity 
and  the  substance  is  not  metallic  in  appearance,  it  is  probably 
an  oxide,  hydroxide,  or  perhaps  a  suli)hide. 

Most  sulphides  yield  sulphate  when  they  are  boiled  with 
strong  HNO3 ;  the  sulphate  may  be  detected,  after  the  acid 
has  been  diluted,  by  paragraph  954. 

An  oxide  may  often  be  known  by  its  colour  (932),  or  by 
some  characteristic  test.  Thus  black  MnO^  may  be  identified 
by  evolving  C'l  when  it  is  heated  with  IICl,  and  red  PbgO^ 
by  leaving  brown  PbO^  when  it  is  treated  with  dilute  HNOg. 


EXAMINATION  OF  GROUP  III.a. 

962.  The  Precipitate  in  Group  III.A.,  which  has  been 
produced  by  the  addition  of  AmCl  and  AmHO  to  the  original 
acid  solution  of  a  substance  which  is  insoluble  in  water,  may 
consist  of  Al,H,0,.,  Fe,H,X),,  Cr^IF.O,;  or  of  Fe,  Al,  Cr,  Zn, 
Mn,  Ni,  Co,  Ba,  Sr,  Ca,  Mg  as  phosphate  or  oxalate ;  or  of 
Ba,  Sr,  Ca  as  chromate  or  fluoride. 

The  Systematic  Examination  of  a  precipitate  in  Group 
III.A.  for  these  substances  is  usually  only  necessary  when  a 
phosphate  has  been  detected  (942),  and  occasionally  Avhen  an 
oxalate  (939, 5),  a  chromate  (946),  or  a  fluoride  (940)  is  present. 

If  a  precipitate  forms  in  Group  III.a,,  and  the  above  acid- 
radicles  are  absent,  examine  it  by  paragraph  949. 

If  one  of  the  above  acid-radicles  is  present,  the  metal  must 
be  tested  for  as  is  directed  below,  unless  it  has  been  already 
detected  with  certainty  during  the  Preliminary  Examination,  or 
by  the  ordinary  procedure  given  in  the  General  Table  (940). 

963.  Note  the  Appearance  of  the  Precipitate  which  has 
been  produced  by  AmCl  and  AmPIO  :  then  add  AmgS  to 
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the  liquid  and  precipitate,  and  stir  well.  According  to  the 
appearance  which  the  precipitate  now  presents,  proceed  to 
examine  further  by  paragraph  964  or  965. 

964  Tho  Precipitate,  after  the  A  ddition  of  Am.,S,  is  Black. 
—It  may  consist  of  FeS,  CoS,  or  NiS.  The  means  of 
distinguishing  these  three  metals  is  given  below.  Note  first 
the  colour  of  the  original  solution  (937,  I.). 


a.  The  colour  of  the  ori- 
ginal solution  was 
yellow    or  reddish- 
brown  : — 
Presence  of  Fe'". 
(Fcrricum.) 

This  is  conflrnied  by 
the  precipitate  pro- 
duced by  AmCl  and 
AmHO  in  the  ori- 
ginal solution  hav- 
ing been  2)ale-yellow 
or  reddish  -  brown, 
and  becoming  black 
on  addition  of  Am.^S. 

Asa  confirmatory  test 
add  to  a  portion  of 
the  original  solu- 
tion, acidified  with 
HCl  if  necessary,  a 
few  drops  of  KCyS 
solution,  a  blood-red 
coloration  is  pro- 
duced. 


b.  The  colour  of 
the  original 
solution  was 
jjink,  or  pos- 
sibly blue  be- 
coming pink 
on  dilution  : 
Presence  of 
Co. 

The  presence 
of  Co  may  be 
confirmed  by 
adding  ex- 
cess of  KHO 
to  the  origi- 
nal solution, 
a  blue  preci- 
pitate turn- 
ing red  on 
boiling  shows 
the  presence 
of  Co. 

Co  will  also 
have  been 
detected  by 
its  borax 
bead  (936, 
IV.) 


c.  The  colour  of  the  original  solution 
was  green  .-—Presence  of  Ni  or  Fe". 

Note  the  effect  which  was  produced 
by  the  addition  of  AmCl  and 
AmHO  :— 


A  blue  solution 
■was  produced : — 
Presence  of  Ni . 

The  presence  of 
Ni  may  be  con- 
firmed by  adding 
excess  of  KHO 
to  a  part  of  the 
original  solution, 
a  light  green 
precipitate 
shows  the  pre- 
sence of  Ni . 

Ni  will  also  h.ave 
been  detected  by 
its  borax  bead 
C936.  IV.) 


A  dirigy  green  pre- 
cipitate,  which, 
wlien  shaken 
round  in  a  por- 
celain dish  and 
left  for  several 
minutes  exposed 
to  the  air,  be- 
comes brown : — 
Presence  of  Fe". 
(Ferrosum.) 

Conflrmby  adding 
Ksl^'eUj  o  to  some 
of  the  original 
solution,  acidi- 
fied with  HCl 
if  necessary  ;  a 
dark  blue  preci- 
pitate is  pro- 
duced. 


965.  The  Precipitate,  after  the  addition  of  Am.^S,  is  White 
or  Light-coloured.— It  may  consist  of  Cr^(HO)^;,  Al2(H0)g, 
ZnS,  MnS ;  [or  of  BaCrO^ ;  or  of  Ba,  Sr,  Ca,  Mg,  as  phos- 
phate, oxalate,  fluoride,  silicate,  or  possibly  borate].  The 
substances  in  brackets  can,  however,  only  be  present  if  the 
liquid  given  for  analysis  was  acid  in  reaction,  or  if  a  sohd 
was  given  which  was  insoluble  in  water  but  soluble  in  acid. 

To  a  small  portion  of  the  original  solution  add  KHO  drop 
by  drop  until  a  precipitate  is  produced.  (See  Note  below 
the  Table.)  Observe  the  colour  and  appearance  of  this  pre- 
cipitate, then  add  a  larger  quantity  of  KHO  and  stir  or 
shake  the  liquid  well.  One  of  the  following  results  (a  or  b) 
will  be  noticed  :  — 
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a.  The  preciintate  at  first  produced  by  KHO  re-dissolves  ichen 
the  KHO  is  added  in  larger  quantity ;  indicating  tlie  pre- 
sence of  Al,  Zu,  or  Cr.  Note  the  appearance  of  the  pre- 
cipitate : — 


A  pale  green  flocculent  precipi- 
tate : — 

Presence  of  Cr. 

Confirm  by  boiling  some  of  the 
green  KllO  solution  with  lead- 
peroxide  (PbO;>,  a  yellow  liquid 
is  obtained,  winch,  if  decanted, 
jields  a  yello_\v  precipitate  on 
addition  of  HA  in  excess. 

The  colour  of  the  solution  and  of 
the  borax  bead  will  also  have 
detected  Cr . 

Note.—U  the  Cr  was  present  in 
the  acid-radicle  of  a  chroniate, 
AiuCl  and  AmHO  will  have 
yielded  no  precipitate  ;  but  there 
will  have  been  a  green  precipi- 
tate on  addition  of  AmjS  and 
heating. 


A  white  precipi- 
tate, which  is 
re  -precipitated 
from  the  KUO 
solution,  by  ad- 
dition of  a  few 
drops  of  UoS- 
water  but  "is 
not  re-precipi- 
tated by  addi- 
tion of  AinCl : 

Presence  of  Zn . 

Confirmed  by  no 
precipitate  hav- 
ing been  pro- 
duced by  AmCl 
and  AniUO,  but 
a  white  precipi- 
tate by  addi- 
tion of  Ani.,S, 
or  of  HoS  after 
AmHO. 


A  white  flocculent  precipitate,  not 
reprecipitated  from  the  KHO 
solution  by  faddition  of  a  few 
drops  of  HoS-wiitcr  or  liy  boil- 
ing, but  reprecipitated  iniine(li- 
ately  if  suHicieut  AmCl  solution 
is  added  : — 
Presence  of  Al  (see  Note). 

Note.— AlPOi  is  also  preciin- 
tatod  here,  and  is  soluble  in  KHO, 
but  differs  from  Ai.,(U0)6  in  ''e- 
Ing  reprecipitated  from  the  KHO 
so^ition  by  addition  of  excess  of 
HA ;  if  PO4  has  been  detected 
the  analysis  is  finished.  AIPO4 
is  soluble  only  in  acids,  hence 
the  original  liquid  must  have 
been  acid  or  the  original  solid 
substance  insoluble  in  water. 


iVo^e.— Sometimes  a  flocculent  precipitate  is  produced  on  adding 
AmCl  and  AmHO  to  the  original  solution,  and  yet  no  precipitate  is 
produced  by  KHO  ;  this  renders  probable  the  presence  of  an  alkaline 
silicate.  In  this  case  evaporate  a  portion  of  the  solution  to  dryness  with 
HCl ;  warm  the  residue  with  HCl  :  if  any  insoluble  residue  is  left,  the 
presence  of  a  silicate  is  proved ;  filter  and  test  the  filtrate  for  K  or  Na. 


h.  Tlie  precipitate  at  first  prodjiced  by  KHO  does  not  rvdissolve 
on  addition  of  more  KHO ;  the  precipitate  will  have  one 
of  the  following  appearances : — 


A  white  or  dingy  yellow  pre- 
cipitate, rapidly  darken- 
ing when  shaken  in  the 
air : — 

Presence  of  Mn. 

Confirmed  in  the  prelimi- 
nary examination  by  pro- 
ducing a  green  mass  when 
fused  with  Na^CO,  and 
KNO5,  and  by  no  precipitate 
having  been  produced  on 
addition  of  AmCI  and 
AmHO,  unless  the  solution 
was  exposed  for  some  time 
to  the  air. 


A  pale  yelloto  precipitate, 
not  darkening  in  the  air: 
this  precipitate  will  also 
have  Ijeen  produced  liy 
AmCl  and  AniUO  and  its 
cidour  will  not  have  been 
altered  by  addition  of 
Am,S : — 
Presence  of  BaCrOt . 

Ba  has  been  already  de- 
tected by  the  (lame  colora- 
tion (936,  11.),  and  a  chro- 
n)ate  by  the  change  of 
colour  of  the  orange  red 
liquid  to  green  on  adding 
U,S  (946). 


A  white  jrrecipitate,  not 
darkening  in  the  air  .-  

Presence  of  Ha,  Sr,  Ca,  or 
Mg  as  phosphate,  oxalate, 
<fcc. 

Pass  on  to  par.  966. 

Note.— This  precipitate 
can  only  be  formed  if  the 
original  solution  was  acid. 
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966.  r/ie  ijrecipitate  may  consid  of  Da,  Sr,  Ca,  or  Mg  as 
phosphate,  oxalate,  borate,*  fluoride,  or  silicate. 

Examine  for  the  metal  and  acid-radicle  as  directed  below, 
working  through  the  columns  from  left  to  right,  unless  the 
presence  of  a  phosphate  (942),  oxalate  (936,  I.  4,  or  939,  5), 
borate  (936,  IL,  or  937,  V.,  or  941),  or  fluoride  (940),  has 
been  already  proved,  in  which  case  proceed  at  once  to 
examine  according  to  967,  or  by  the  suitable  column  below. 

If  this  precipitate  is  proved  to  contain  a  phosphate,  oxalate, 
borate,  fluoride,  or  silicate,  the  further  examination  for  an 
acid-radicle  becomes  unnecessary. 


I 

1.  Add  AmHO  in  excess 
to  a  portion  of  the  origi- 
nal solutiont,  filter,  dry 
the  precipitate  and  heat 
a  portion  of  it  to  a  dull 
red  heat  for  several 
minutes  on  platinum 
foil. 

Place  the  foil  in  a  test- 
tube  and  pour  a  few 
drops  of  dilute  HCl  upon 
it ;  if  the  residue  dis- 
solves with  efferves- 
cence, it  shows  the 
presence  of  an  oxalate. 

Test  this  HCl  solution 
for  Ba,  Sr,  Ca,  Mg,  by 
942,  using  it  as  the 
original  solution. 

If  the  ignited  precipitate 
does  not  dissolve  with 
effervescence,  pass  on 
to  column  2. 


2.  Stir  some  of  the  pre- 
cipitate produced  by 
AniHOt,  column  1,  on 
a  watch  glass,  with  a 
little  water  to  which  a 
few  drops  of  HCl  have 
been  added,  until  the 
precipitate  is  dissolved. 
Dip  into  the  liquid  a 
slip  of  turmeric  paper, 
and  dry  at  .steam  heat; 
the  slip  appears  reddish- 
brown,  and  becomes 
hlii"-l>l<ick  whenmoist- 
ened  with  AmHO : — 
Presence  of  a  borate. 

Examine  for  the  metal 
present  by  968. 

If  a  borate  is  not  found, 
proceed  to  column  3. 


3.  Place  another  portion 
of  the  precipitate  pro- 
duced by  AmHOt,  co- 
lumn 1,  in  a  leaden 
cup  or  platinum  cru- 
cible, add  strong  B2SO4 
and  warm  gently, 
covering  the  vessel 
with  a  watch  glass, 
which  has  been  coated 
with  a  film  of  wax  and 
has  had  characters 
traced  with  a  sharp 
point  through  the  wax 
(606) ;  the  glass  is 
etched  :— 

Presence  of  a  Jlunride. 

Examine  for  the  metal 
present  by  968. 

If  no  fluoride  is  found, 
test  for  a  silicate  by 
pal-.  968. 


^.Examination  of  a  phosphate.— Add  to  a  portion  of 
the  cold  original  solution  AmHO  drop  by  drop,  whilst  con- 
stantly  shaking  the  liquid,  until  a  slight  precipitate  is 
formed  which  does  not  disappear  on  stirring;  then  add 
HA  and  NaA  solution,  and  drop  in  Fe2Cl6  until  the  Hquid 
after  being  well  shaken  has  a  brown  or  red  colour  ;  boil  and 
filter  imm°ediately.    The  precipitate  is  thrown  away.  To 


•Borates  of  Ba,  Sr,  and  Ca,  are  rarely  precipitated  m  Group  III.,  since  they  are 
tjordies  ui  ^  ,  ,  '    „AAij^„  AmHO  to  the  HCl  solution. 

'°l''n  a  sond  it?54  examined,  a  porLn  of  the  original  solid  is  employed  for 
this  istfSstead  of  The  precipitke  produced  by  AmHO  in  the  HCl  solution. 
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the  filtrate^AiuCl  is  added,  then  AmllO  in  small  excess,  and 
the  Uquid  is  boiled  and  filtered :  the  liquid  or  filtrate,  which 
must  smell  strongly  of  NHy,  is  then  tested  for  Ba,  Sr,  Ca,  and 
Mg  (942). 

2\^otc. — If  any  precijiitate  is  funned  by  AmaCOa,  it  must  be  well  washed 
several  times  with  boiling  water  in  order  to  jirevent  the  coloratiou  of 
Na  from  masking  that  of  Ba,  Sr,  or  Ca.  Tliis  risk  is  avoided  by  substi- 
tuting AmA  for  NaA  in  precipitating  the  phosphate  radicle. 


ErplancUion  0/  the  Method  for  Examination  of  a  Phosphate. 

In  order  to  detect  B.i,  Sr,  Ca,  or  Mg  present  as  ])hosphate,  the  PO4 
must  be  removed  from  the  solution  and  the  metal  left  as  chloride.  This 
is  eflVeteu  by  neutralising  all  HCl  and  leaving  the  solution  acidified 
only  by  free  HA  ;  by  addition  of  FejClg  in  slight  excess  and  boiling,  all 
PO4  is  precipitated  as  FcPO^  which  though  soluble  in  HCl  is  perfectly 
insoluble  in  HA.  On  filtering,  FeP04  remains  upon  the  filter,  and  the 
filtrate  contains  the  metal  (Ba,  Sr,  Ca,  or  Mg)  as  chloride  together 
with  a  little  Fe,  but  is  perfectly  free  from  phosphate. 


968.  Examination  of  a  borate,  fluoride,  or  silicate. — 
[)ortion  of  the  original  substance  is  placed  in  an  evaporating 
basin,  which  is  then  nearly  filled  with  dilute  HCl,  and  the 
liquid  is  entirely  boiled  away  ;  the  dish  is  once  more  filled 
with  acid,  and  again  evaporated  to  dryness  :  the  residue  in 
the  dish  is  then  warmed  with  dilute  HCl,  and  filtered  if 
any  residue  is  left : — 


Solution  :  the  HCl  solution  is  examined  for 
Ba,  Sr,  Ca,  Mg  by  942,  -this  solution 
being  treated  as  is  there  directed  for  the 
original  solution. 


Rcndue :  if  any  resi- 
due remains  in- 
soluble in  HCl,  it 
proves : — 

Presence  of  a  silicate. 


Explanation  of  the  process. — The  evaporation  to  dryness  with  HCl 
removes  H3BO3  and  HF,  which  volatilise,  whilst  SiO^  is  left  insoluble 
in  HCl  and  therefore  remains  as  an  insoluble  powder  on  afterwards 
warming  with  HCl ;  this  residue  of  SiOj  also  remains,  however,  if 
HF  was  present,  being  caused  by  the  corrosion  of  the  dish  ;  since  how- 
ever HF  if  present  has  already  been  found,  no  notice  will  then  be 
taken  of  the  residue. 


X 
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THE  SUBSTANCE  POSSESSES  METALLIC 

LUSTRE. 


960  This  shows  the  probable  absence  of  an  acid-radicle. 
The  only  non-metallic  elements  likely  to  be  present  are  free 
carbon  as  graphite,  free  iodine,  or  combined  sulphur,  since 
several  sulphides  are  decidedly  metallic  in  appearance*.  Ihe 
presence  of  the  metals  Ni,  Co,  Fe  in  the  free  state,  and  of 
Fe  0  may  be  shown  by  the  substance  being  attracted  by  a 
macrnet.  Pb,  or  graphite,  will  be  recognised  by  marking 
paper  when  rubbed  upon  it,  as  a  black  lead  pencil  does:  the 
mark  due  to  Pb  disappears  if  wetted  with  dilute  HNO3. 
Preliminary  Examination. 


Experiment. 


.  Heat  a  portion  of 
the  substance  in 
a  smaU  ignition- 
tube 


Observation. 


Inference. 


1  A  black  lustrous  mirror  forms  . 

2  A  yellow  sublimate  forms,  meltmg, 
'  when  heated,  to  brown  drops  .  . 

3  Violet  vapour  is  given  off,  condens- 
"  ing  to  blaclc  scales  on  the  sides  ot 

the  tube    .      .      •  .  • 

If  the  substance  sublimes  entirely 
as  violet  vapour      .      .      .  • 


II.  Heat  a  portion 
in  the  inner  blow- 
pipe flame  in  a 
cavity  scooped 
on  a  piece  of 
wood  charcoal. 


Presence  of  As. 
Presence  of  S, 


Presence  of  I. 
Iodine  alone  is  pre- 
sent. 


III.  Place  aportion 
of  the  substance 
in  a  piece  of  hard 
glass  tube  open 
at  both  ends,  and 
heat  it  strongly 
in  the  Bunsen 
flame,  and  after- 
wards in  the 
blo^vpipe  flame  if 
necessary. 


1.  Smell  of  garlic       .      •      •     .  • 

2  If  an  incrustation  forms,  refer  to 
'nar  016  V.,  where  in  the  second  and 

third  column  will  be  found  the  ap- 
pearance of  the  incrustation  and  the 
metal  whose  presence  it  indicates. 

3  Smell  of  burning  sulphur 
4!  A  green  flame  coloration 


Presence  of  As. 


Presence  of  S. 
Presence  of  Cu. 


1  A  tras  is  evolved  from  the  upper 
end  which  smells  of  .  burning  sul- 
phur and  turns  a  piece  of  fllter- 
S)aper  moistened  with  K^CrjO:  solu- 

tion  sreen       •      •      •        j.  , ' 

2  The  substance  burns  completely 
but  slowly  away,  glowing  when 
strongly  heated.  This  effect  is  best 
seen  by  heating  it  strong  y  on  Pt- 
foil  by  directing  the  blowpipe  flame 
on  the  under  surface  of  the  foil  . 


Presence  of  S. 


Presence  of  C. 


~  ~T  ^r<h\^^^<,  which  T.o.s9es3  metallic  lustre  are  copper 

which  resembles  lead. 
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After  the  PreUminary  Examination  has  been  completed, 
proceed  as  is  directed  in  paragraph  935. 

Sulphide,  Phosphide,  Arsenide.— ^'o  acid-radicle  need  be 
tested  for  except  S,  P,  and  As,  which  are  most  easily  detected 
after  they  have  been  converted  into  acids  by  oxidation.  A 
portion  of  the  finely-powdered  substance  is  accordingly  dis- 
solved in  strong  HNO3,  and  this  solution  is  diluted  with 
water:  HoSO^  is  then  tested  for  by  BaCl.>,  and  II^PO.j  and 
llaAsO^  by  AmllMoO,  (956). 

THE  SUBSTANCE  IS  INSOLUBLE  BOTH  IN 
WATER  AND  IN  ACIDS. 

970.  An  Insoluble  Substance  may  be  any  one  of  the 

following.  Those  included  in  brackets  are  less  likely  to 
occur  than  the  others,  since  they  dissolve  when  they  are 
heated  with  sufficient  water  or  acid.  As  will  be  seen  below, 
the  colour  frequently  serves  to  indicate  what  substance  is 
present. 

1.  White:  BaSO,,  SrSO,,  (CaSO^),  PbSO,,  (PbCg,  AgCl,* 

SiO,,  ignited  Al.Og,  SnO,,  Sh.O,,  Sb.p^,  CaFg. 

2.  Dark  coloured :   ignited  Fe^Og  (dark  brown  or  black), 

ignited  Cr203  (dark  green  or  black),  FeCrgO^  and 
ignited  PbCrO^  (dark  brown),  C  (black). 

3.  Yellow  :  S,  AgBr,*  Agl,*  (Pbl^). 

4.  An  insoluble  silicate  may  also  be  present. 

For  a  fuller  description  of  these  substances  refer  to  para- 
graph 1074. 
Examine  the  substance  by  paragraph  971,  973,  or  974, 

971.  The  Substance  is  White  (970,  1).— If  sufficient  sub- 
stance is  available,  try  the  following  preliminary  tests 
(I. -IV.) ;  if  not,  proceed  at  once  to  paragraph  972. 

I.  Pour  a  drop  of  Am^S  upon  a  small  portion  of  the  sub- 
stance. If  it  blackens,  the  presence  of  Pb  or  A  g  is  probable  • 
if  it  becomes  yellow  or  orange-red,  the  presence  of  Sn  or  Sb 
is  probable.    Pass  on  to  Test  IV.  in  the  following  Table. 

If  no  change  of  colour  is  produced  by  Am.,S,  try  Tests  II. 
and  III.  in  the  following  Table. 


*  Darkens  quickly  in  sunlight,  and  slowly  in  ordinary  daylight. 
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Experiment. 


II.  Moisten  a  clean  loop 
of  platinum  wire,  im- 
merse it  in  the  powdered 
substance,  and  heat  the 
adhering  powder  for  a 
short  time  strongly  in 
the  inner  blowpipe 
Hame ;  moisten  the  loop 
with  a  drop  of  strong 
HCl,  and  hold  it  in  the 
Bunsen  flame 


Obsei-vation. 


in.  Fuse  a  portion  of  the 
substance,  mixed  witli 
Na.,C03  in  fine  powder, 
in  acavity  scooped  upon 
a  piece  of  wood  charcoal, 
in  the  inner  blowpipe 
flame  produced  from  a 
spirit  lampjiaiiie. 


A  yellowish  green  flame. 


A  crimson  flame,  appear- 
ing deep  red  through  the 
indigo-prism. 

A  reddiah  flame,  appear- 
ing duski/  green  through 
the  indigo-prism. 


Inference. 


Presence  of  Ba.^ 


Presence  of  Sr. 


Test  for 
y  SO4  by 

Exp.ni. 


Presence  of  Ca.y 


The  cooled  mass,  if  de- 
tached from  the  char- 
coal, placed  upon  a 
bright  silver  coin,  and 
moistened  with  water, 
gives,  when  crushed  with 
the  blade  of  a  knife,  a 
black  stain. 


Presence  of  a  sulphate. 

^'ote.-lf  &0t  is  not 
found,  test  for  F  by  040 
or  606,  and  further 
examine  the  substance 
by  97Z. 


IV.  Mix  some  of  the 
flnelv  powdered  sub- 
stance with  powdered 
Na.,C03  and  KCy,  on  a 
small  cavity  made  m  a 
piece  of  wood  charcoal, 
and  heat  the  mixture 
in  the  inner  blowpipe 
flame. 

If  metallic  globules  form, 
detach  one  and  strike  it 
smartly  with  the  pestle 
on  the  inverted  mortar. 
Also  take  a  globtile  on 
the  point  of  a  penknife 
and  try  if  it  marks  paper 
as  black  lead  does. 


White  metallic  malleaUe 
globules,   which  mark 
paper,  and  if  dissolved 
in  HNO3  give  a  white 
precipitate  with  H2SO4 ; 
a  yellow  incrustation  is 
also    formed    on  the 
charcoal. 
White  metallic  malleaUe 
globules  which  do  not 
mark  paper ;  they  dis- 
solve in  HCl,  the  solution 
giviui;  a  white  precipi- 
tate with  IlgCla.  . 
White     metallic  brittle 
gloV)Ules,  which,  if  dis- 
solved in  boiling  HCl, 
give  an  orange  red  pre- 
cipitate with  H2S:  white 
incrustation. 
White  scales,  no  incrus 
tation :    the   metal  is 
insoluble  in  HCl,  and  if 
dissolved  in  HNO3  gives 
no    precipitate  with 
112804  but  a  white  pre- 
cipitate with  HCl  ;  the 
original    substance  is 
instantly  blackened  by 
a  drop  of  Am2S,  and  is 
dissolved     on  being 
warmed  with  AmHO . 


Presence  ofPb&s  chloride, 
sulphate,  or  cliromate. 
Refer  to  the  Note  below 
this  Table. 


presence  ofSnOt 


Presence  o/S&jO^  or  ■ 


Presence  of  AgCl. 
ceed  to  972. 


Pro 


me.--Boi\  some  of  the  substance  with  much  water,  add  HNO3  and 
AeNO.,,  a  white  precipitate  shoves  presence  of  PlCl^  . 

Test  for  chromate  by  fusing  in  a  porcelain  crucible  with  ^^CO^-^ 
ro  •  a  yellow  mass  on  cooling  shows  ^wcsmce  of  PbCrO^. 
The  presence  of  PbSO,  may  be  proved  by  Exp.  III.,  andby  pounng 
upon  the  original  substance  H,T  then  excess  of  AmHO.  and  boiling  : 


[972.] 


INSOLUBLE  SUBSTANCE. 
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theu  filtertug  if  necessary,  acidifying  a  portion  of  the  clear  solution 
with  HA,  and  adding  K.^CiO^  ;  a  yellow  precipitate  shows  the 
presence  of  Pb.  Anotlier  portion  may  then  be  acidified  with  IICl, 
and  if  BaClg  produces  in  it  a  white  preci[>itate  insoluble  on  boiling, 
pi-esence  of  SO^  is  proved. 

If  none  of  the  above  substances  have  been  detected,  test 
for  A\.f).^  and  SiO._,  by  heating  the  substance  strongly  on 
charcoal  in  the  outer  blowpipe-flame,  after  moistening  it 
with  Co(X03).^  solution  ;  a  blue  mass  shows  Presence  of 
Al.p^  unless  )6\0.,  is  found  by  the  next  test. 

Fuse  some  of  the  substance  in  a  clear  bead  of  NaAmHPO^ ; 
particles  tloat  undissolved  in  the  bead : — Presence  of  SiO.^, 
or  silicate.    Proceed  to  par.  972. 

972.  Mix  a  portion  of  the  finely-powdered  substance  with 
four  or  five  times  as  much  fusion  mixture  (Na.2C03  +  KgCO.J 
on  a  piece  of  platinum  foil,  or  in  a  porcelain  crucible  if  Pb 
or  Ag  is  present.  Heat  the  mixture  for  several  minutes  in 
the  blowpipe-flame  (see  fig.  80,  1076),  keeping  the  alka- 
line carbonates  in  a  fused  and  liquid  condition.  Then  boil 
the  cool  mass  with  water,  and  filter  the  liquid :  wash  the 
residue  well  on  the  filter,  and  examine  the  residue  and  the 
filtrate  as  is  directed  below. 

(a).  Remove  the  ReHdue  from  the  filter  and  heat  it  with 
dilute  IINO3.  If  it  does  not  dissolve,  decant  the  acid,  and 
heat  the  residue  with  a  small  quantity  of  a  mixture  of  dilute 
and  HCl.  If  the  residue  is  still  undissolved,  fuse  it 
again  with  fresh  fusion  mixture,  and  treat  it  as  is  directetl 
above. 

Examine  the  acid  solution  for  the  metal  by  par.  942. 

{h).  Examination  of  the  Fatrate.—V;\\Qn  the  metal  has 
been  detected,  it  will  usually  be  possible  to  limit  the  number 
of  acid-radicles  which  need  be  tested  for,  by  referring  to 
the  list  in  par.  970.    Tests  are  given  below  for  all  the  add- 
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[973.] 


radicles  which  are  hkely  to  occur  in  an  insohible  substance. 
A  separate  portion  of  the  filtrate  must  be  used  for  each  test. 

Sulphale  :  acidify  a  portion  with  HCl  and  add  BaCl^ :  a 
white  precipitate  will  form. 

CJdoride  :  acidify  a  portion  with  WO,  and  add  AgNOg  : 
a  white  precipitate  will  be  produced,  which  is  easily  soluble 
in  AmHO. 

Bromide,  Iodide  :  if  the  precipitate  produced  by  AgNOg 
has  a  yellow  tinge  and  is  not  easily  soluble  in  AmHO,  add 
to  a  fresh  portion  of  the  filtrate  a  little  CS, ;  then  add 
acidified  CaCl.,0  solution  drop  by  drop,  shaking  well  be- 
tween each  addition.  A  brown  coloration  of  the  CS^  shows 
a  bromide,  a  violet  coloration  an  iodide. 

Silicate :  make  a  portion  acid  with  HCl  and  evaporate  to 
perfect  dryness;  if  an  insoluble  residue  is  left  when  the 
solid  matter  in  the  dish  is  warmed  with  dilute  HCl,  this 
proves  the  presence  of  silica  or  a  sihcate. 

Fluoride,:  acidify  with  HA  and  add  CaCl^:  a  gelatinous 
white  precipitate  will  form.  Confirm  by  trying  the  tests 
in  paragraphs  94O  and  606  on  some  of  the  original  substance. 

973.  The  Substance  is  Dark-coloured  (970,  2). 

Place  some  of  the  substance  on  a  piece  of  platinum  foil, 
and  heat  the  foil  strongly  on  its  under  surface  by  the  blow- 
pipe-flame:— 


The  substance  burns  aivay 
slowly  but  completely  :— 

Presence  of  C. 


The  substance  does  not  burn  away  ;  place  upon  it 
three  or  four  times  as  much  powdered  ]S(a2C03 
and  KNO3,  and  fuse  for  some  time  :— 

1.  The  substance  dissolves,  forming  a  yellow  mass 
when  cold  -.—Presence  of  Cr^Oz- 

2  Tlie  substance  remains  undissolved  as  a  dark 
"  brown  powder,  and  the  mass  on  cooling  is 
white  -—Presence  of  Fe^O:^.*   Confirm  by  boil- 
ing the  mass  with  water,  filtering,  ami  fusing 
the  brown  residue  into  a  borax  bead  (200). 


*  FeCr204  shows  both  reactions  1  and  2,  since  it  contains  both  Fe 
and  Cr. 


[974.] 
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974.  The  Substance  is  Yellow  (970,  3). 

Heat  a  portion  of  it  strongly  in  a  small  ignition-tube  ;  one 
of  the  following  results  will  occur  : — 


It  will  fuse  and  sublime,  the 
sublimate  being  yellow  and 
melting  to  reddish  -  brown 
drops  when  it  is  heated : — 

Presence  of  S. 

Note.— It  the  substance  sublimes  en- 
tirely it  cousists  only  of  sulphur. 


It  will  fuse  but  not  sublime. 

Examine  a  portion  of  the  sub- 
stance for  Ag  and  Pb  and  for 
Br  and  I  by  paragraph  972. 
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ANALYSES  OF  SIMPLE  SALTS,  SHOWING  HOW 
TO  ENTER  RESULTS. 


A.  Liquid  given  for  analysis. 

Preliminary  Examinatiun  for  the  Metal. 


Experiment. 

ObservatioiL 

Inference. 

1.  Noted  the  colour  of  the 
liquid. 

Blue. 

Presence  of  Cu. 

2.  Dipped  into  it  a  piece 
ol  blue  litmus-paper. 

Tlie  paper  was  turned 
red,  but  on  addition  of 
KaaCOs   no  efferves- 
cence occurred. 

PrpQpnpp  of  a  salt  with 
acid  reaction. 

8,  Evaporated  a  few  drops 
slowly  upon  a  watch 
glass. 

Ignited   the  residue 
strongly. 

Pale  blue  residue  left. 

Blackened  >vithout  smell 
of  burning. 

Presence  of  some  dis- 
solved solid. 

Absence  of  organic  acid- 
radicles. 

4.  Added  KHO  solution 
and  boiled. 

No  smell  of  NH3. 

Absence  of  NH4. 

6.  Dipped  a  loop  of  pla- 
tinum wire   into  the 
solution  and  held  it  in 
the  flame. 

6.  Dipped  a  clear  borax 
bead  into  a  portion  of 
the  residue  from  3,  and 
fused  in  the  outer  and 
inner  blowpipe  flame. 

Bright  green  flame;  on 
moistening  tlie  wire 
with  strong  HCl  and 
again  holding  it  in  the 
flame  it  gave  a  blue 
coloration. 

In  outer  flame  the  bead  \ 
was  green  whilst  hot,  j 
blue  when  cold. 

In  inner  flame  it  be-  | 
came  colourless.  > 

Presence  of  Cu. 
■  Presence  of  Cu. 

■ 

Preliminary  Examination  for  the  Acid-radicle. 


Experiment. 

Observation. 

Inference. 

1.  Added  dilute  H2SO4 
and  warmed. 

No  gas  was  evolved. 

Absence  of  carbonate, 
sulphite,  sulphide,  and 
nitrite. 

2.  Added  strong  H2SO4 
and  warmed. 


No  gas  was  evolved 
And  no  red  fumes  on  add- 
ing Cu  clippings. 


Absence  of  nitrate. 
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Examination  for  the  Metal. 

To  a  portiou  of  the  liquid  added  HCl: — 


1 

J\^o  precipitate. 
Absence  of  Grouji  I. 

Added  strong  H„S-\v;iter: — 

A  brownish  black  precipitate.    Presence  of  Sn", 

Hg",  Bi,  Pb,  or  Cu. 
Allowed  the  precipitate  to  settle,  poured  off  as 

Duu'h  of  the  liquid  as  possible  and  boiled  the 

precipitate  with  excess  of  NaHO,  it  remained 

undissolved. 

Since  the  original  solution  was  blue,  a  clean  knife 
blade  was  dipped  into  a  portion  of  it  acidified 
with  H2SO4,  red  copper  was  deposited  on  the 
steel : — 

Presence  of  Cu. 

Examination  for  the  Acid-radicle. 

Added  HCl  and  BaCU;  a  white  precipitate  was  produced 
which  did  not  disappear  on  boiling: — Presence  of  sulphate. 

Found  Cu,  SO^. 


B.  Liquid  given  fur  analysis. 
Preliminary  Examination  for  the  Metal. 


Experiment. 


1.  Noted  tlie  colour  of 
the  liquid. 

2.  Dipped  red  litnins- 
paper  into  the  liquid. 

3.  Evaporated  a  few 
drops  to  dryness  upon 
a  watch  glass. 

Ignited  the  residue 
strongly. 

4.  Boiled  a  portion  with 
excess  of  KIIO. 

6.  Dipped  a  loop  of  pla- 
timini  wire  into  the 
solution,  and  held  it  in 
the  Buusen  llauie. 

6.  Dipped  a  clear  Jiorax- 
bead  into  the  residue 
from  3,  and  fused  In 
the  outer  and  inner 
blowpipe  flames. 


Observation, 


Light  yellow. 


It  was  turned  faintly 
blue. 

A   yellow   residue  re- 
mained. 

No  blackening. 


No  smell  of  Nil, 


A  pale  lavender  flame, 
appearing  crimson 
tliiough  the  indigo- 
prism. 


Inference. 


Outer  flame :  brntm,  ^ 
hot ;  green,  cold.  J 

Inner   flame :   green,  1 
hot      and      cold.  V 
Brmrn   rolour   not  ( 
reappearing  in  the  , 
outer  flame.  y 


rresence  of  a  neutral 
chromate. 

Probable  presence  of  an 
alkali-sult. 

Presence  of  some  dis- 
solved solid. 

Absence  of  organic  acid- 
radicle. 

Absence  of  Nil 4. 


Presence  of  K . 


Presence  of  Cr  us  a 
chromato. 
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Examination  for  the  Metal. 

Since  the  liquid  was  alkaline  in  reaction,  added  to  a  small 
portion  of  it  a  few  drops  of  HNO3  until  it  became  acid,  this 
produced  no  precipitate. 

To  another  portion  added  HCl,  the  liquid  turned  from  yellow 
to  orange  red,  indicating  presence  of  a  neutral  chromate:— 


No 

precipitate. 
Absence  of 
Group  I. 


Then  added  EjS-water  and  warmed 


The  liquid  be- 
came green, 
and  white 
S  was  de- 
posited : 

Presence  of  a 
chromate. 


To  another  portion  of  the  original  solution  added  AmCl  then 
AmHO,  no  precipitate  formed :  then  added  AmjS  and  boiled  i 


Xo  precipitate  in  the  cold, 
but  on  boiling  a  greeu 
flocculent  precipitate  gra- 
dually formed,  evidently 
consisting  of  Cr^Hoe  re- 
duced from  the  cliromate. 


Added  to  another  portion  of  the 
solution  AmCl,  AmHO,  and 
Am2C03  : 


No  precipitate. 
Absence  of 
Group  IV. 


Added  to  the 
same  portion 
Na2HP04  and 
stirred  : 

No  precipitate. 
Absence  of  Mg. 


Since  K  was  found  hy  the  flame  coloration  in  the  Pre- 
liminary Examination,  its  presence  was  confirmed  by  stirring 
a  portion  of  the  solution,  to  which  a  few  drops  of  HCl  had 
been  added,  with  PtCl4  on  a  watch  glass;  a  yeUow  crystalline 
precipitate  forming  on  the  lines  rubbed  by  the  rod;— Pre- 
sence of  K. 

Found  K,  CrO^ . 

C.  A  lohite  crystalline  substance  given  for  analysis. 
Boiled  a  small  portion  with  water;  it  dissolved  completely. 
Preliminary  Examination  for  the  Metal.   


Experiment. 


Observation. 


Inference. 


1.  Heated  in  a  small  dry  test-tube. 


2.  Dipped  a  loop  of  moistened  pla- 
tinum wire  into  the  powdered 
substance,  moistened  with  strong 
HCl  and  held  in  the  Bunsen  flame. 

3  Heated  a  small  portion  in  a  cavity 
on  wood  charcoal  in  the  inner  blow- 
pipe flame. 

4  Fused  on  charcoal  in  the  inner  blow- 
pipe flame  with  NaaCOa  and  KCy. 


The  substance  gave  off  red 
fumes  and  oxygen  gas, 
which  inflamed  a  glow- 
ing splinter  of  wood. 

It  left  a  yellow  residue. 


A  pale  blue  flame. 

Deflagration  occurred. 

A  white  malleable  globule 
remained  which  easily 
marlied  paper.  A 
yellow  incrustation. 

Same  result  as  with  3. 


Presence  of  a  nitrate  of  a 

heavy  metal. 
Presence  of  Pb,  Sn,  or  BW 


Presence  of  As,  Sb,  Pb, 

Presence  of  a  chlorate  ot> 
nitrate. 


Presence  of  Pb. 
Presence  of  Pb. 
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Examination  for  the  Metal  in  Solution. 

Boiled  a  portion  of  the  powdered  substance  with  water, 
cooled,  added  HCl  to  a  part  of  the  clear  solution,  a  white 
precipitate  was  formed,  which  disappeared  on  boiling,  but 
appeared  again  in  the  crystalline  form  on  cooling  the  liquid 
{Probable  Presence  of  Ph), 

Conlirmed  the  presence  of  Pb  by  decanting  the  liquid  and 
boding  the  precipitate  with  AmHO,  it  remained  white  and 
did  not  dissolve;  decanted  the  ammoniacal  liquid,  dissolved 
the  precipitate  in  a  little  HA,  and  added  KgCrO^,  a  yellow 
precipitate : — Presence  of  Ph . 

Since  a  nitrate  was  found  in  the  Preliminary  Examination, 
its  presence  was  confirmed  by  adding  strong  HgSO^  to  the 
aqueous  solution  of  the  substance,  and  pouring  solution  of 
FeSO^  carefully  upon  the  cooled  liquid  in  a  test-tube;  a 
brown  layer  formed  on  the  surface  of  the  acid : — Presence  of 
NO,. 

Also  some  of  the  solution,  when  heated  with  Cu  and  strong 
H2SO4,  evolved  reddish  brown  fumes: — Presence  of  NO^. 

Found:— Pb,  NO^. 


D.  A  white  powder,  emitting  no  smell,  given  for  analysis. 

Boiled  some  of  the  powdered  substance  with  water,  it  did 
not  dissolve:  added  a  few  drops  of  strong  HCl  and  boiled, 
the  substance  dissolved  completely  (absence  of  Group  I.) 
without  effervescence. 


Preliminary  Examination  for  the  Metal. 


Experiment. 

Observation. 

Inference. 

L  Heated  in  a  small  dry  test-tube. 

2.  Dipped  a  moistened  loop  of  pla- 
tinum wire  into  the  powdered  sub- 
stance, moistened  the  powder  witli 
strong  HCl  and  held  it  in  the 
Bunsen  flame. 

3.  Heated  a  portion  of  the  powder 
strongly  on  charcoal  in  the  inner 
blowpipe  flame. 

1 

No  change. 

No  flame  coloration. 

The  substance  did  not  fuse. 

A  wliite  luminous  residue, 
which  when  moistened 
on  red  litmus-paper 
showed  an  alkaline  re- 
action. 

Absence  of  volatile  and 
fusible  substances  and 
of  water  of  crystallisa- 
tion, (fee. 

Prol)al)le  absence  of  K, 
Na,  Ba,  Sr,  Ca,  Cu,  &o. 

Absence  of  alkali  salt. 

I'resence  of  Ba  Sr.  Ca. 
Mg. 
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Examination  of  the  Solution. 

To  a  portion  of  the  HCl  solution  added  H.^S  water ;  no 
precipitate  : — Ahse.nee  of  Growp  II. 

To  another  portion  of  the  HCl  solution  added  AmCl  and 
AmHO  in  excess;  a  white  flocculent  precipitate.  Then 
added  Am.,S,  the  colour  of  the  precipitate  was  unchanged. 

To  a  few  drops  of  the  HCl  solution  added  KHO  drop  by 
drop,  until  a  white  flocculent  precipitate  formed  ;  then  added 
excess  of  KHO  and  boiled,  the  precipitate  did  not  dissolve,^ 
and  it  did  not  become  discoloured  in  the  air  -.—Presence  (f 
Ba,  Sr,  Ca,  Mg  as  phosphate,  oxalate,  Sfc. 

Added  a  drop  of  the  original  HCl  solution  to  some 
AmHMoO^  solution  in  a  test  tube,  and  warmed  gently;  a 
yellow  precipitate  : — Presence  of  PO^. 

To  another  portion  of  the  cold  HCl  solution  added  AmHO 
drop  by  drop  whilst  constantly  stirring,  until  a  precipitate 
formed  which  did  not  redissolve ;  then  added  HA  and  NaA 
solution  until  this  precipitate  dissolved  when  the  liquid  was 
well  shaken.  Fe.^Clg  was  added  until  the  liquid  appeared 
red,  it  was  then  boiled  and  immediately  filtered.  To  the 
filtrate  AmHO  was  added  in  excess  and  the  precipitate 
filtered  off,  then  Am^C03  was  added ;  a  white  precipitate 
formed  : — Preserice  of  Ba,  Sr,  or  Ca. 

Filtered,  washed,  and  dissolved  the  precipitate  by  pouring 
upon  it  a  few  drops  of  boiHng  HCl.  Dipped  a  loop  of 
platinum  wiie  into  the  solution,  and  held  it  in  the  Bunsen 
flame  ;  a  red  flame  appearing  dingy  green  through  the  indigo 
prism  : — Presence  of  Ca. 

A  few  drops  of  the  solution,  when  they  were  boiled  with 
CaSO^,  gave  no  precipitate,  proving  the  absence  of  Ba  and 
Sr.  The  presence  of  Ca  was  therefore  confirmed  by  adding 
to  the  rest  of  the  solution  excess  of  AmHO  and  then  Am^C^O^, 
when  a  precipitate  was  formed. 

Found  Ca,  PO^. 

E.  A  lohite  odourless  powder  given  for  analysis. 

Boiled  a  portion  of  the  substance  with  water,  it  did  not 
dissolve.  Added  HCl  and  heated  again,  it  dissolved  com- 
pletely (absence  of  Group  I.)  and  without  effervescence. 
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Prelim  in ary  Exam ina  t  ion. 


Experimeut. 

Observation. 

Inference. 

1.  Heated  a  portion  in  a 
small  dry  test-tube. 

The  substance  blackened 
slightly  ;  it  evolved  COo 
which  turned  a  drop  of 
lime-water  milky.  Tlie 
residue  in  tlie  test-tube 
elTervesced  with  liCl 
whereas  tlie  original 
substance  did  not. 

Presence  of  an  organic 
salt  of  K,  Na,  Ba,  Sr, 
Ca,  or  Mg . 

2.  Held  a  portion  of  the 
substiince  on  a  loop  of 
platinum  wire  in  the 
Biinsen  flame  ;  then 

Till  li  Clf  ATI  All  IV'iMl 
tl.lLflol'Clld-l       *T  till  J-Lv^l 

and  again  held  in  tlie 
tlanie. 

A  red  coloration,  appear- 
ing dusky  green  tlirough 
the  indigo-prism. 

Treseuce  of  Ca. 

S.  Heated  on  chari  oal  in 
inner  blowpipe  llame. 

A  white  luminous  mass 
remained,  which  wheu 
niDistened  on  red  lit- 
mus paper  turned  it 
blue. 

Tresence  of  Ba,  Sr,  Ca, 
or  iMg . 

Examination  for  the  Metal. 

Added  to  a  portion  of  the  HCl  solution  strong  H^S- water. 


No  j)recipitate : — 
Absence  of 
Group  II. 


To  another  portion  of  the  HCl  sohition  added 
AmCl  then  AmHO  in  excess,  a  white,  precipitate 
formed;  added  AnijS,  the  colour  of  the  precipi- 
tate remained  unaltered. 

To  anotlier  portion  of  the  solution  added  KHO 
drop  by  drop  until  a  ])recipitate  formed,  then 
more  KHO  and  boiled  ;  a  white  precipitate  in- 
soluble in  KHO,  and  not  darkening  in  the  air  ; 
— Presence  of  oxalate,  2^tios2)hate,  <Lc.,  of  alkaline 
earths. 

Since  the  presence  of  an  oxalate  of  an  alkali-  or  alka- 
line earth -metal  was  indicated  in  tlie  Preliminary 
Examination,  a  portion  of  the  original  substance 
was  heated  on  platinum  foil,  then  dissolved  in 
HCl  (effervescence)  and  to  the  solution  excess  of 
AmHO  and  of  Am^CO,  was  added.  The  liquid 
was  warmed  and  i)ut  aside  till  the  precipitate 
subsided,  thou  the  licpiid  was  decanted  and  the 
precipitate  dissolved  in  a  few  drops  of  HCl. 

A  platinum  -wire  dipped  into  this  HCl  solution 
gave  a  red  flame  coloration,  appearing  dusky- 
green  through  the  indigo-prism  : — Presence  of 
Ca.  [Confimied  by  another  portion  of  this  HCl 
solution  giving  a  white  precipitate  with  excess 
of  AmHO  and  Am2C204 .] 


334 


ANALYSIS  OF  SIMPLE  SUBSTANCES. 


The  presence  of  CgO^  was  confirmed  by  heating  some  of 
the  original  substance  with  strong  H2SO4  :  gases  were  evolved 
which  rendered  milky  a  drop  of  lime-water  and  burnt  with 
a  blue  flame,  showing  presence  of  COg  and  CO  •—Presence  oj 

Found  Ca,  G^O^. 


F.  A  yellow  metallic-looking  suhstance  given  for  analysis. 
Preliminary  Examination. 


Experiment. 

Observation. 

Inference. 

1.  Heated  a  portion  of 
the  substance  strongly 
in  a  small  tube  closed 
at  cue  end. 

2.  Heated  strongly  on 
charcoal  in  the  inner 
blowpipe  flame. 

3.  Heated  a  fragment 
strongly  in  aglass  tube 
open  at  both  ends, 
and  held  obliquely 
in  the  flame. 

A  yellow  sublimate 
formed  which  melted 
into  brown  drops :  a 
smell  of  burnings  was 
evolved,  and  a  piece  of 
paper  dipped  into 
K2Cr207  solution  when 
placed  in  the  mouth  of 
the  tube  became  green. 

A  brown  residue  left. 

Strong  smell  ofburning  S. 
The  residue  fused  into 
a  dark-coloured  glo- 
bule, which  when  cold 
was  strongly  attracted 
by  the  magnet. 

A  gas  was  evolved  which 
hail  a  suffocating  smell, 
and  which  turned 
K2Cr207  paper  green. 

Presence  of  S. 
Probable  presence  of  Fe . 

Presence  of  S . 
Probable  presence  of  Fe 
SO2  from  combustion  of  S 

Solution  of  substance. 

Warmed  the  powdered  substance  with  a  mixture  of  strong 
HNO3  and  HCl,  it  dissolved  completely ;  boiled  down  in  an 
evaporating  dish,  adding  strong  HCl  several  times;  whea 
nearly  dry,  diluted  with  water. 

Examination  of  the  solution  for  the  Metal. 

Since  the  substance  dissolved  entirely  in  the  presence  of 
HCl,  Group  I.  is  absent ;  to  a  portion  of  the  solution  added 
H^S-water : — 
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The  solution  be- 
came colourless, 
and  wliite  S  was 
precipitated  : — 

Probable  presence 
of  a  ferric  salt. 


To  another  part  of  the  solution  added  AniCl,  then 
excess  of  AmHO,  a  brown  liocculent  precipitate 
formed:  to  a  fresh  part  added  excess  of  KHO, 
brown  flocculeut  precipitate  insoluble  in  KliO, 
Presence  of  Fe'" , 

Confirmed  tlie  presence  of  Fe  by  adding  to  a  fresh 
part  of  the  original  solution  KCyS  solution,  a 
blood-red  solution:  Presence  of  Fe''. 


Confirmed  the  presence  of  S  by  adding  to  a  part  of  the 
original  solution  BaCl.,,  a  white  precipitate  formed  which  did 
not  disappear  on  boiling : — Presence  of  SO^  derived  from 
oxidation  of  sulphur. 

Found  Fe,  S, 


G.  A  white  powder  given  for  analysis. 

Boiled  a  small  portion  with  water,  it  did  not  dissolve. 

Boiled  another  portion  with  HCl,  it  did  not  dissolve:, 
added  HNO3  and  heated  again,  the  substance  was  not 
dissolved.  Hence  the  substance  is  insoluble  in  water  and 
in  acids,  and  since  it  is  white,  it  can  only  be  BaSO^,  SrSO 
(CaSO,),  PbSO,,  (PbCl^),  AgCl,  SiO^,  Al,0„  SnO^,  Shfi^, 
or  CaFj. 

Poured  Am^S  upon  some  of  the  substance:  its  colour  was. 
nnchanged,  probable  absence  of  Fb,  Ag,  Sn,  Sh. 


Preliminary  Examination. 


Experiment. 

Observation. 

Inference. 

1.  Took  some  of  the 
powder  up  with  a  loop 
of  moist  platinum 
wire,  ignited  it 
strongly  in  the  inner 
hlowjiipe  flame,  mois- 
tened it  witli  HCl, 
and  held  in  the  Bun- 
sen  flame. 

A  yellowish  green  color- 
ation. 

Presence  of  Ba. 

2.  Fused  a  portion  with 
Na^COa  on  charcoal 
in  the  inner  blowpipe 
flame,  placed  the 
cooled  mass  on  a 
bright  shilling,  and 
moistened  it  with  a 
drop  of  water. 

A  black  stain  on  the 
coin. 

Presence  of  8. 
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Examinatimi  of  the  solution. 

Fused  some  of  tlie  powder  with  fusion  mixture  on  platinum 
foil :  boiled  the  cold  mass  with  water,  filtered. 

Filtrate :  made  acid  with  HCl  and  added  BaCl.^,  a  wlute 
precipitate,  which  did  not  disappear  on  boiling  the  hquid  :— 

Presence  of  SO 

The  residue  on  the  filter  was  well  washed  with  boiling 
water,  and  boiling  dilute  HCl  poured  upon  it,  it  dissolved 


Absence  of 
Group  I. 

To  a  portion  added  strong  HoS-water  and  heated : 

No  preci- 
pitate. 
Absence  of 
Group  II. 

To  another  portion  added  AmCl,  then  AmHO  in  excess, 
then  AnigS,  and  boiled  : 

No  preci- 
pitate. 
Absence  of 
Group  III. 

To  another  portion  of  the  original  solution 
added  AmCl,  AmHO,  and  AmjCOa : 

A  white  precipitate :   Presence  of  Ba,  Sr 

A°plathium  wire  loop  dipped  into  the 
original  solution  gave  a  yeUowish-green 
tint  to  tlie  Bunsen  flame  : 
Presence  of  Ba . 

Found  Da,  SO^ 


SEOTIOI^  VI. 


FULL  ANALYTICAL  COURSE  AND  TABLES. 


Introductory  Remarks.— After  the  reactions  iu  the  Fourth  Section 
have  been  tried,  and  the  student  has  learnt  how  to  detect  the  members 
of  each  Group  when  they  occur  singly  or  together,  substances  which 
may  contain  any  members  of  the  Groups  shoukl  be  analysed.  The 
substance  which  is  given  for  analysis  by  the  following  Tables  will  be 
either  a  liquid  or  a  solid.  Some  hints,  which  will  suggest  the  method 
of  analysing  a  gaseous  mixture,  will  be  found  in  paragraph  70. 


Pkbliminauy  Examination  op  a  Complex  Substance. 

975.  Before  the  student  proceeds  to  apply  the  whole  of 
the  Systematic  Course  to  the  analysis  of  substances  of  com- 
plex composition,  ho  will  do  well  to  examine  a  few  substances 
for  Metals  and  for  Acid-radicles  by  the  Preliminary  tests 
only,  which  are  given  in  paragraphs  985-IOOO.  For  a 
detailed  account  of  any  of  the  tests  in  these  Tables  the 
student  must  refer  back  to  the  description  which  is  given  of 
it  in  Section  IV. 

A  little  study  of  the  Tables  (989-IOOO)  will  show  that  they 

contain  certain  principal   tests   marked  thus  "  Exp.  I." 

These  stand  in  the  first  column.  In  the  second  column  are 
placed  the  results  which  may  be  noticed  on  trying  these 
experiments;  a  glance  through  these  will  forewarn  the 
student  of  what  has  to  be  looked  for. 

The  main  classification  of  the  observations  which  may  be 
made  is  indicated  by  black-type  letters ;  the  subsidiary  divi- 
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sions  are  marked  by  small  numbers  and  italics;  and  the  in- 
dividual results  are  simply  placed  in  succession  ni  a  vertical 

column.  1  •  -ui 

Occasionally  an  observation  is  made  which  it  is  advisable 
to  confirm  by  an  additional  experiment.  This  Confirmatory 
test  is  entered  in  the  first  column  just  below  the  original 
observation,  and  is  marked  Confirmatorn  in  order  to  dis- 
tinguish it  from  the  main  experiment ;  its  results  are  placed 
beside  it  in  the  second  column. 

The  student  should  understand  that  any  of  the  results, 
which  are  entered  in  the  second  column,  may  be  obtained. 

A  few  salts  and  mixtures,  such  as  those  mentioned  in  para- 
graph II70,  should  be  subjected  to  a  careful  PreUminary 
Examination  by  the  student.  The  results  should  be  care- 
fully entered,  as  soon  as  they  have  been  obtained,  m  the 
tabular  form,  as  is  shown  in  paragraph  II07. 


Full  Examination  op  Substances  in  Solution. 

076  After  the  student  has  become  familiar  with  the 
Preliminary  Examination  of  solid  substances,  he  should  ftilly 
analyse  some  easy  substances  which  contam  only  a  few 
metals  and  acid-radicles.    A  beginning  is  made  at  paragraph 
087  and  after  the  Preliminary  Examination  has  been  finished 
the 'substance  is  dissolved,  and  a  Systematic  Examination  of 
its  solution  is  made.    The  following  paragraphs  (977-982) 
crive  a  general  explanation  of  the  method  of  examining  the 
solution  for  metals,  and  of  some  points  which  require  atteiition 
during  the  procedure  which  is  stated  in  the  General  Table. 

077  It  is  necessary  first  to  separate  tlie  Metals  inta 
Groups,  by  adding  the  Group-Reagents  in  such  order  that 
each  precipitates  the  metals  of  one  Group  only,  and  leaves  the 
metals  of  all  other  Groups,>hich  may  be  present,  m  solution. 

This  is  effected  by  adding  the  Group-Eeagents  m  the 
order  which  is  directed  in  the  General  Table  (1007).  The 
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Group  Table  in  paragraph  931  furnishes  a  convenient  ex- 
planation of  the  scheme  of  the  General  Table. 

The  First  Reagent  added  is  HCl,  which  precipitates  only 
the  metals  of  Group  I.,  and  leaves  the  metals  of  Groups  11., 
III.,  IV.,  and  V,  in  solution.  Hence  if  a  precipitate  is 
obtained  when  HGl  is  added  in  excess,  it  is  filtered  off;  any 
member  or  members  of  Group  I,  will  then  be  present  upon 
the  filter,  while  the  members  of  all  other  Groups  will  remain 
in  the  filtrate. 

mien  II.,S  is  j^assed  into  the  Filtrate  *  metals  of  Group  II. 
alone  will  be  precipitated  and  may  be  filtered  off. 

AynCf  and  AmOH  in  excess  are  added  to  the  Filtrate,'^ 
after  the  H^S  has  been  removed  from  it,  and  Fe  has  been 
converted  into  ferric  salt  by  boihug  it  with  HNOg.  The 
AmHO  will  precipitate  any  members  of  Group  III.a.,  while 
Group  III.B.  and  Mg  will  remain  dissolved  by  the  AmCl, 
and  Groups  IV.  and  V.  will  also  remain  in  solution. 

Tlie  addition  of  Am.^^S  to  the  Filtrate'^  will  then  separate 
Group  III.B.  as  sulphides. 

Group  IV.  is  then  precipitated  from  the  Filtratt*  by  the 
last  Group-Reagent,  Am.,C03. 

The  Filtrate*  is  examined  for  Group  V.,  the  members  of 
which  are  not  precipitated  by  any  Group-Reagent,  and  will 
tlierefore  now  remain  in  solution,  if  they  were  present  in  the 
original  liquid. 

978.  Addition  of  Reagents  in  Excess,— Each  Metal 
Group  must  be  comph  tely  precipitated  before  the  next  Group- 
Reagent  is  added.  If  any  precipitate  has  been  formed  by 
a  Gronp-Reagent,  it  is  accordingly  necessary  to  add  that 
reagent  in  excess  before  proceeding  to  add  the  next  one. 
Unless  the  presence  of  each  reagent  in  excess  is  made  certain 
before  proceeding,  much  confusion  may  bo  caused. 

The  general  method  for  ascertaining  that  a  Group-Reagent 


*  Or  into  the  solution,  supposing  no  precipitate  to  have  been 
obtained,  and  filtration  therefore  to  have  been  unuccessaty. 
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is  present  in  excess  consists  in  adding  a  few  drops  more  of 
it  to  the  clear  liquid ;  the  liquid  must  be  rendered  clear  for 
this  purpose  either  by  filtration  or  by  letting  the  precipitate 
settle.  If  any  further  precipitate  is  now  formed,  the  whole 
of  the  liquid  should  be  well  stirred  with  more  of  the  reagent, 
and  the  clear  filtrate  must  then  be  again  tested  in  the  same 
way.  This  process  must  be  repeated  until  no  further  precipi- 
tate is  caused. 

In  certain  cases  this  method  of  proceeding  is  rendered 
unnecessary,  since  the  presence  of  an  excess  of  the  reagent 
is  detectable  by  its  smell,  after  the  solution  and  the  reagent 
have  been  well  mixed,  and  the  air  above  the  liquid  has  been 
blown  out.    This  is  the  case  with  H.^S  and  with  AmHO. 
The  presence  of  an  excess  of  a  coloured  reagent  may  usually 
be  seen  by  the  colour  of  the  filtrate :  this  is  true  of  yellow 
Am  S.     If  however,  an  acid  or  an  alkaHne  substance  is 
directed  to'  be  added  in  excess,  the  student  should  always 
prove  the  presence  of  an  excess  by  the  use  of  test-papers. 

979.  Washing  Group  Precipitates.— Before  a  Group- 
Precipitate  is  examined,  it  is  necessary  that  it  should  be 
washed  until  it  is  free  from  adhering  solution  (96).  This 
must  also  be  done  in  the  separations  by  filtration  which  are 
described  in  the  Group  Tables.  If  the  washing  has  not  been 
satisfactorily  carried  out,  many  complications  may  arise. 

980.  Evaporation  before  Precipitating  Group  III.— 

Certain  organic  substances  hinder  or  prevent  the  precipita- 
tion of  the  metals  of  Group  III.a.  by  AmHO.  These  sub- 
stances are  usually  detected  in  the  Prehminary  Examination. 
If  they  have  been  detected,  it  is  necessary  to  destroy  them 
by  evaporation  and  ignition  before  proceeding  to  precipitate 
Group  HI. 

Evaporation  to  dryness  and  gentle  ignition  of  the  residue 
are  also  necessary  in  order  to  separate  SiOg,  since,  if  this 
remained  in  solution,  it  might  be  mistaken  for  AlgHyO^.  The 
process  also  decomposes  fluorides  and  removes  HE. 

Bat  if  organic  substances,  borates,  fluorides,  and  silicates 
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are  known  to  be  absent,  ovuj^oration  is  unnecessary,  and  it  is 
sufficient  to  boil  the  filtrate  from  Group  II.  until  it  lias  no 
smell  of  H,S  ;  a  few  drops  of  strong  IINO^  are  tlien  added, 
and  the  boiling  is  continued  for  several  minutes,  in  order  to 
completely  remove  H.,S  and  to  convert  ferrous  salts  into 
ferric  salts. 

981.  The  Separation  of  the  Sub-groups  III. a.  and  III.b. 

from  one  another,  by  the  method  wliich  is  given  in  the 
General  Table  (1007),  is  never  complete.  For  an  account  of 
more  exact  methods,  the  student  is  referred  to  paragraphs 
1058,  et  seq. 

The  method  of  examining  the  precipitate  in  Group  III. 
may  also  be  influenced  by  the  presence  of  a  phosphate  in  the 
solution  :  the  change  of  procedure,  and  the  causes  which  give 
rise  to  it,  are  explained  in  paragraph  1060. 

982.  General  Eemarks.— It  will  be  seen  that  the  full 
course  of  analysis  is  so  arranged  that  it  serves  not  only  to 
detect  what  is  present  in  a  substance,  but  also  to  prove  that 
all  else  is  absent.  This  is  usually  the  object  in  view  when 
the  analysis  of  an  unknown  substance  is  undertaken. 

The  process  of  analysis  may  in  some  cases  be  shortened 
by  ushig  separate  portions  of  the  solution  for  each  Group  and 
test.  The  plan  which  is  recommended  in  the  General  Table, 
of  working  throughout  with  the  whole  of  the  solution,  is 
however  preferable  ;  since  it  enables  the  analyst  to  form' an 
opinion  as  to  the  relative  quantities  of  the  different  substances 
which  are  present,  and  this  is  usually  important. 

It  will  be  unnecessary  to  do  more  than  mention  the 
extreme  importance  of  the  spectroscope  for  rapidly  discover- 
ing certain  substances,  especially  when  they  are  present  in 
minute  quantity  only  (113). 

An  Example  of  Entry  of  Results  is  given  in  paragraph 
II07;  it  will  be  seen  that  the  form  adopted  is  that  of  the 
Analytical  Tables. 
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Substances  for  Analysis  are  mentioned  in  paragraphs 
II70,  II71,  and  II72. 

The  stndent  .vill  do  well  at  first  to  gain  experience  in 
the  analysis  of  easy  mixtures,  which  are  completely  soluble 
in  HCl  and  contain  no  cyanogen,  organic  salts,  silicates,  or 
phosphates  precipitable  in  the  Third  Group.  The  analysis  of 
such  substances  will  be  simple,  since  it  will  be  unnecessary  to 
evaporate  the  filtrate  from  the  Second  Group  to  dryness,  or 
to  follow  any  special  method  of  precipitating  and  examining 

^  When  the  ordinary  course  of  analysis  has  been  mastered, 
the  analysis  of  substances  should  be  attempted,  in  wluch  the 
above  complications  exist :  and  fiually  minerals,  water  resi- 
dues, and  artificial  products  and  by-products  shou  d  be 
analys3d,  in  which  minute  traces  of  their  constituents  should 
be  carefully  looked  for. 


GENERAL  ANALYTICAL  TABLES. 


G-BNBRAL  COURSE  OP  ANALYSIS  FOR 
SOLID  AND  LIQUID  SUBSTANCES. 


983.  Cyanogen  Test, — Unless  cyanogen  is  known  to  be 
absent,  it  must  be  tested  for  in  a  small  portion  of  the  sub- 
stance by  the  tests  described  in  paragraphs  648  and  650.  If 
cyanogen  is  detected,  refer  to  paragraphs  1083,  et  seq.,  for  a 
<lescription  of  the  preparation  of  the  solution  and  of  the 
method  of  analysis.  If  cyanogen  is  not  present,  the  substance 
is  examined  by  paragraphs  985  and  986  if  it  is  a  liquid,  and 
by  paragraphs  987  et  seq.,  if  it  is  a  solid. 

984.  Silicate  Test.— Silicate  may  be  tested  for  by  fusing 
some  of  the  finely-powdered  substance  in  a  bead  of  micro- 
cosmic  salt  (600).  If  a  liqaid  is  being  examined,  a  portion 
of  it  is  evaporated  to  dryness,  and  tlie  residue  is  fused  into 
the  bead. 


I.  THE  SUBSTANCE  FOR  ANALYSIS  IS  A  LIQUID. 

985.  Reaction  to  Test-paper.— Test  the  liquid  with  blue 
litmus-paper,  and  with  turmeric-paper  :  one  of  tlie  following 
results  will  be  obtained  (102) : — 

1.  It  is  Neutral,  not  changing  the  colour  of  either  paper:  this 
shows  the  absence  of  acids  and  alkalis  and  of  salts  with  acid  or  alkaline 
reaction.  The  salts  of  Ag  and  Mg  and  certain  salts  of  Am,  Na,  K,  Ba, 
Sr,  and  Ca  are  the  only  neutral  soluble  salts. 
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2.  It  is  Acid,  turning  Uae  litmus  red  :  this  proves  the  presence  of 
an  acid,  or  of  a  salt  with  acid  reaction, 

3  It  is  Alkaline,  turning  turmeric  hroion :  indicating  the  presence 
of  Am,  Na,  K,  Ba,  Sr,  or  Ca  as  hydroxide,  or  of  a  salt  with  alkaline 
reaction. 

986.  Test  for  Dissolved  Solid.— Evaporate  a  few  drops 
of  the  liquid  upon  platinum  foil,  thin  glass,  or  porcelain, 
smelling  it  occasionally  : — 

1  A  Residue  is  left.— Examine  the  liquid  by  the  further  prelimi- 
nary tests  in  paragraph  937  :  or  evaporate  a  portioTi  of  the  solution  to 
dryness  in  a  porcelain  dish,  avoiding  heating  the  substance  after  it  is 
dry,  and  examine  the  residue  by  the  Preliminary  Tables  forM.  tals  and 
Acid-radicles  (987-1000).  Examine  the  larger  part  of  the  solution  for 
Metals  by  the  General  Table  (1007),  paying  attention  to  paragraph  IO08 : 
reserve  the  rest  of  the  solution  for  the  Examination  for  Acid-radicles 
by  paragraphs  1042  ct  seq. 

2  No  Residue  is  left.— The  li(iuid  must  consist  of  some  volatile 
substance,  probably  of  water.  This  is  either  pure,  or  it  contanis 
certain  gases  or  volatile  substances,  such  as  (NHjlaCG;,,  COg,  NH3, 
HCl  Br.  These  may  be  detected  by  their  smell,  by  the  action  of  the 
liquid  on  litmus-paper,  or  by  special  tests  (70).  If  the  liquid  has  no 
action  on  litmus  and  no  smell,  and  if  it  leaves  no  residue  on  evapora- 
tion and  is  tasteless,  it  is  pure  water. 


II.  THE  SUBSTANCE  EOR  ANALYSIS  IS  A  SOLID. 

987.  Examine  the  tJeneral  Troperties  of  the  Substance. 

If  the  substance  is  lustrous  and  metallic,  refer  to  para- 
graph 1067  for  the  method  of  analysis;  if  it  is  non-metallic 
in  appearance,  proceed  to  examine  it  as  follows. 

Note  down  anything  that  can  be  learned  about  the  physical 
properties  of  the  substance  by  the  use  of  the  senses,  aided 
by  a  lens  or  microscope,  and  by  a  magnetised  penknife- 
blade. 

Note  especially  whether  the  substance  consists  of  more  or 
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less  sparkling  particles  with  similar  geometrical  shape,  when 
it  is  said  to  be  crystalline;  or  whether  the  particles  are 
irregular  in  shape,  ami  amorphous. 

Also  test  its  hardness,  by  ascertaining  whether  the  sub- 
stance is  readily  powdered. 

If  tlic  particles  are  sufficiently  large,  and  especially  if  they  are- 
crystalline  minerals  (1172),  ascertain  the  degree  of  hardness  more  care- 
fully, since  this  will  be  of  use  in  identifying  the  substance.  Very 
soft  minerals  can  be  scratched  and  marked  by  the  thumb-nail  (Talc, 
Steatite).  A  harder  substance  which  is  not  affected  by  the  thumb-nail 
may  be  scratched  by  a  bronze  coin  (Cryolite,  Cinnabar).  Harder 
minerals  still  will  only  be  scratched  by  a  penknife  (Apatite,  Fluorspar). 
Very  hard  substances,  such  as  qnartz,  cannot  be  scratched  by  a  knife, 
but  the  knife  produces  a  steel  stain  upon  their  surface. 

Try  whether  the  substance  is  magnetic  by  immersing  the 
tip  of  a  magnetised  blade  into  the  fine  powder,  and  seeing 
whether  its  particles  are  attracted.  Fe  and  certain  of  its 
compounds  are  the  most  powerfully  magnetic  bodies  known, 
but  iMn,  Ni,  Co  and  certain  of  their  compounds  are  also 
magnetic. 

Note  also  whether  the  substance  possesses  any  charac- 
teristic smell  or  colour.  The  following  are  some  of  the- 
more  commonly  occurring  coloured  compounds : — 

Blue:  hydrated  cupric  salts,  and  anhydrous  cobalt  salts. 

Oreen:  certain  Fe"  salts  are  pale  green  ;  CuCla,  salts  of  Ni,  man- 

ganatcs,  and  certain  compounds  of  Cr,  are  intense  green. 
Yelloro:  HgO,  AsgS.,,  CdS,  SnS,^,  chromates,  Fe'"  salts. 
lied:  HgO,  Hgl.^,  JIgS,  Pb.O^  ;  dichromates  are  orange-red. 
Pm/; ;  salts  of  Mn  are  delicate  pink;  hydrated  salts  of  Co  are 

reddish-pink. 

Broivn:  FcoOg,  PbOo  ;  PbO  and  CdO  are  light  brown. 
Black:  CuO,  MnOg,  SbaS,,,  FeS. 

White:  anhydrous  salts  of  Cu  and  Fe",  and  many  other  substances. 
Colourless:  a  large  number  of  colourless  substances  are  known; 

these,  as  well  as  many  of  the  faintly  coloured  bodies,  yield 

while  powders  when  they  are  crushed. 


988.  Reduction  to  fine  powder.— After  the  above  ex- 
amination has  been  completed,  the  solid  substance  is  reduced 
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to  the  finest  powder  possible,  by  rubbing  it  in  the  mortar. 
An  ordinary  Wedgwood-mortar  may  be  used  for  powdering 
substances  which  are  pretty  soft;  but  hard  rocks  and 
minerals  frequently  require  to  be  first  crushed  m  a  clean 
bright  steel  mortar  (fig.  79)  by  blows  of  a  hammer,  and  to 
"be  afterwards  pulverised  in  an  agate  mortar. 

It  must  be  understood  that  the  subsequent  chemical 
examination  is  very  greatly  facilitated  if  the  substance  has 


Fig.  79. 


Steel  Mortak. 

"been  carefully  reduced  to  an  impalpable  powder,  which 
does  not  feel  gritty  when  it  is  rubbed  beneath  the  pestle  or 
between  the  fingers. 

A  portion  of  this  powder  is  submitted  to  the  tests  which 
are  described  in  the  following  Preliminary  Examinations  for 
Metals  and  for  Acid-radicles :  and  the  remainder  is  reserved 
for  the  fuller  method  of  examination  in  solution  (lOOI 
€t  seq.). 
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Experiment. 

Observation. 

luference. 


^89-  Exp.  I. — Heat  a  small 
quantity  of  the  substance 
in  a  small  test-tuba  or 
ignition-tubet 


A.  The  sabstanoe  does  not  chan^. 


Confirmatory. — The  snbli- 
mate  is  carefully  exa- 
mined, if  necessary, with 
the  aid  of  a  lens. 


Confirmatory.— 'E.cvii 
another  portion  of  tlie 
substance,  mixed  with 
about  three  times  as 
much  Na^COj  in  fine  dry 
powder  and  a  little  KCy, 
In  an  Ijfnition-tuoe  (282). 


The  substance  chauges> 

1.  //  chanijes  colour: — 

Yellow,        hot.;  uhite,  cold. 
Yellow,  brown  „    yellow  „ 
Yellow-brown  „    yellow  ,, 
Darh  red  or  )        red-  ) 
black       f  "  I  brownf  " 

The  substance  blackens — 

a.  Emitting  a  smell  of  burn- 

ing. The  black  cai'ljou 
may  be  burnt  off  by 
strongly  heating  on  pla- 
tiiiuiii  foil  with  the  blow- 
pipe flame. 

Smell  of  acetone. 
Sniull  of  burning  sugar. 

b.  Eniil.ling  no  smell  of  burn- 

ing. The  colour  is  not 
removed  by  ignition  as 
under  a. 


It  /vncx,  anif  becomes 
a'jain  on  cooling. 


solid 


3.  It  sublimes. 

White,  crystalline  (sparkling)  sub- 
limate. 

Wliite,  non-crystalline  sublimate. 
Black    sublimate,    becomes  red 
when  rubbed. 

Yellow  sublimate. 


Sublimate  of  reddish  drops,  ) 
which  are  yellow  when  cold.  ) 

Violet  vapour,  cooling  to  blackish 
crystals. 

Grey  mirror,  which,  when  rubbed 
with  a  splinter  of  wood  or  a 
glass  rod,  or  when  examined  l)y 
a  lens,  is  seen  to  consist  of  glo- 
bules of  II  g. 

Blackish-brown  shining  mirror, 
and  smell  of  garlic ;  no  globules. 


Absence  of  organic 
substances  which 
blaclien  and  give  off 
a  smell  of  burning ; 
of  volatile  sub- 
stances which  sub- 
lime ;  of  substances 
wliicb  are  altered 
by  ignition ;  and  of 
water  coml)ined 
witli  or  al)sorbed 
by  tlie  substance, 
which  would  be 
evohed  as  steam 
and  form  drops  on 
the  side  of  the  tube. 


ZnO. 
PbO. 

SuOj  or  Bi.jOj . 

I'rescnce   of  organic 
matter. 


An  acetate, 
A  tartrate. 
rrt)bable  presence 
Co-  or  Cu-salts. 


Of 


Salts  of  alkalis  or  cer- 
tain salts  of  the 
alkaline  earths. 

Compounds  of  Am, As, 

llg;  or  free  S  or  I  . 
HgCIg,  AS2O3. 

Trobably  Am-salt. 
IlgS. 

(  As.,S3  . 

■\  Hglj,  becomes  scar- 
(    let  when  rubbed. 

S  free  or  from  certain 

pidysulpliides. 
Presence  of  I  . 


Presence  of  Hg. 


Presence  of  Ab  . 
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Experiment. 


Confyrmatorii. — Pour 
a  little  strong  KHO  solu- 
tion upon  some  of  the 
substance  and  heat  to 
boiling ;  or  mix  some  of 
the  substance  with  soda- 
lime  in  a  mortar,  and 
moisten  and  heat. 


Confirmatory. —  Exa- 
mine tlie  drops  of  water 
on  the  sides  of  the  tube 
with  blue  and  red  litmus- 
papers. 


Confirmatory.  —  In- 
troduce a  burning  splin- 
ter of  wood  into  the 
tube. 

Confirmatory .  —  In- 
troduce a  glass  rod, 
moistened  with  lime- 
water,  into  the  tube. 


Confirmatory.  —  In- 
troduce a  glass  rod  or 
slip  of  paper  moistened 
with  KjCrgOj . 


Observation. 


Confirmatory.  —  In- 
troduce a  glass  rod  car- 
rying a  piece  of  moist 
litmus. 

Confirmatory.  —  In- 
troduce a  glass  rod  with 
moist  starch  powder  on 
its  end. 


NH3  is  given  off,  known  by  its 
smell  and  by  turning  moist  red 
litmus-paper  blue  or  turmeric- 
paper  brown ;  the  change  in 
colour  is  only  a  trustworthy  in- 
dication if  it  occurs  very  soon, 
as  the  NH3  in  laljoratory  air 
may  cause  it  to  occur  after  a 
time. 


4.  The  substance  gives  off  water. 

It  fuses  first,  then  gives  off  water, 
and  again  becomes  solid  if  the 
lieat  is  continued. 

It  swells  up  considerably  whilst 
giving  off  its  water. 

The  water  is  alkaline. 

The  water  is  acid. 


Inference. 


5.  Gas  or  vapour  is  yiven  off*, 
a.  It  is  without  smell. 

It  burns  more  brightly,  and  if  in- 
troduced with  a  spark  at  the  end 
is  inflamed. 

The  flame  is  extinguished. 

The  lime-water  turns  milky. 

The  lime-water  does  not  turn 
milky,  but  the  flame  is  ex- 
tinguished. 


b.  The  gas  or  vapour  lias  a  smell. 

Smell  of  burning  S. 

Tlie  K2Cr207  turns  green ;  moist 

blue  litmus  is  also  reddened  by 

the  gas. 

Reddish-brown  nitrous  fumes  are 
given  olf,  known  by  their  pecu- 
liar smell,  and  by  not  colouring 
starch  paste  orange  red. 

Smell  resembling  CI : — 


Yellowish  gas, 
moist  litmus. 


which  bleaches 


Brown  vapour,  which  colours  the 
moist  starch  powder  orange  red. 

Violet  vapour,  which  colours 
starch  solution  blue. 

NH3  is  smelt. 


Presence  of  NH4. 


Presence  of  water,  ab- 
sorl)ed  or  combined. 

Water  of  crystallisa- 
tion. 

Borax    and  certain 

borates,  alums,  and 

phosphates. 
Probaljly  NH4-com- 

pounds. 
Presence   of  volatile 

acids,    e.g.,  HNO3, 

HCl,  H2SO4 . 


0     from  chlorates, 
nitrates,  peroxides,  ^ 
&c.;  or  possibly N2O. 

CO2  or  N . 

CO2  from  carbonates, 
oxalates,  &c. 

N  from  AmNOj  pro- 
bably. 


SO2  from  combustion 
of  free  S,  or  from  acid 
sulphites,  thiosul- 
phates,  reduction  of 
sulphates  or  oxida- 
tion of  sulphides. 

Nitrates  of  heavy 
metals  (e.g.  of  Pb, 
Bi,  Hg.  &c.) 


CI  frojn  certain  chlor- 
ides. 


Br  from  certain  bro- 
mides. 

I,  free  or  from  certain 
iodides. 

NH4  or  cyanogen  com- 
pounds. 


*  This  will  usually  be  shown  by  effei-vescence  of  the  substance ;  if  the  gas  or  vapour  is 
not  detected  by  its  colour  or  sms-'U,  it  can  only  be  found  on  testing  for  it  specially  by  the  con- 
firmatory tests  below. 


[990,  991.]  PRELIMINARY  EXAMINATION  FOR  METALS.  349 


Experiment. 

Observation. 

Inference. 

c.  Thegas  can  heiijnited,  and  burns 
at  the  mouth  oj'the  tube  with  a : — 
Pale  yeUowigh  jreen  ilauie,  more  or 
less  explosive. 

Bright  white  flame,  producing 
wliite  fumes;  the  unburnt  gas 

Peach-blossom  coloured  flame. 

NII3  probably  from 
strongly  heated 
NIl4N(),., . 

rils  i)i'obahly  from  a 
liypophosphite. 

Cy    from  a  cyanide, 
probably  from 
HgCy^. 

990.  Exp.  II.— Dij)  a  mois- 
tened loop  of  platinum 
wire,    which    gives  no 
colour   to    the  Bunsen 
flame,  into  the  substance, 
and  hold  the  loop  with 
the  adhering  powder  near 
the  top  of  the  Bunsen 
flame,   or  in  the  inner 
blowpipe  flame. 

Then  moisten  with  a  dr^ip 
of  stroiict  UOl  an>l  heat 
again.   Continue  tlie  heat- 
ing   until    no  further 
change   oc.urs    in  the 
colour  of  the  flame. 

The     flame  coloration 
shoukl  also  be  carefully 
I'.xamined  by  means  of 
the  spuctroscope(ii4, 1'S) 

Note.   If  silicic  acid  is 
present,    the  colorations 
lorK  and  ^a  usually  show 
only  after  ignition  of  the 
powdered  substance  with 
powdered  CaS04, 

A.  The    substance    colours  the 
flame : — 

1.  Intense  yellow. 

Examine  the  flame  througli 
the  indigo-pnsm ;  a  crimson 
colour  is  seen. 

2.  Pale  lilac,   crimson  through  ) 

the  indigo-prism.  f 

3.  Yellowish  green. 

i.  Crimson,  same  tlirough  the  ) 
iudigo-prisni.  ) 

5.  Orange   red,      dingy   green  ) 

through  tlie  indigo-prism.  ) 

6.  Bright  green. 

X  l)lne  colour  is  seen  after 
moistening  with  strong  IICl 

7.  Blue  {  '"'T^- 

iVa . 

Presence  of  K  or  Sr.  or 
both. 

K. 

Ba  probably. 

Sr. 

Ca. 

Cu  or  BjOj . 
Cu. 

CuClg,  CuPr.,. 
As,    Sb,    Pb,  HgClo, 
•    ZnCla,  SnClj. 

B.  The  flame  is  not  coloured, 

Above  metals  absent. 

991.  E-xp.  m.-Heat  the 
finely     powdered  sub- 
stance in  a  small  cavity 
scooped   in  a   piece  of 
wood-charcoal,    in  the 
blowpipe  flame. 

Confirmatory. — De- 
tach a  portion  of  the  cool 
residue  from  the  char- 
coal, place  it  upon  a 
piece   of   red  lithius- 
paper,  and  moisten  with 
a  drop  of  water. 

A.  The  substance  decrepitates  or 
crackles. 

B.  The  substance  deflagrates,  or 
causes  the  charcoal  to  bum  rapidly, 

0.  The  substance  fuses  easily,  and 
is  absorbed  by  the  chai-coal,  or 
forms  a  lipoid  bead. 

D.  An  infusible  residue  is  left  on 
the  charcoal : — 

NaCl  and  certain  other 
crystalline  salts. 

Chlorates,  nitrates, 
Ac. 

Salts  of   alkalis  and 
certain  salts  of  the 
alkaline  earths. 

Probably    BaO,  SrO, 
CaO,   MgO,  A1,0,, 
ZnU(orSiO,) 

BaO,  SrO,  CaO,  and 
possibly  MgO. 

1.  The  residue  is  white  and  very 
luminous. 

The  paper  turns  blue,  showing  the 
residue  to  be  alkaline. 
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Experiment. 


Observation. 


Confirmatory.— Mois- 
ten the  residue  on  the 
charcoal  wlien  cool  witli 
several  drops  of  Co(N03)2 
solution,  and  heat  again 
strongly  in  the  outer 
blowpipe  flame. 

Confirmatory.— 3e-At 
a  small  cinantity  of  the 
substance  in  a  clear  co- 
lourless borax  bead,  first 
in  the  outer,  then  in  the 
inner  blowpipe  flame. 


A  blue  residue,  the  colour  of  which 
does  not  disappear  with  mtense 
heat 

A  pink  residue. 

A  gree7i  residue. 


Inference. 


2.  The  rcbidue  is  coloureA. 
Colour  of  bead 


In  outer  flame 

Green,  hot,  and  ) 

blue,  cold.  ) 
Blue,  hot  and 

cold.  ) 
Violet,  hot,  and  |. 

yelhm,  cold.  ( 
Brown-red,  hot ;  ) 

yellow,  cold,  f 
Green,  hot  and 

cold. 
Reddish  jmrple, 

hot  and  cold. 


In  inner  flame. 

Colourless,   or  ^ 
red,  cold.  ) 
Blue,  hot  and  ) 

cold.  r 

Grey  or  opaque. 

Olive gn in,  hut  1^ 
;incl  co.d  I 

Green,\\o\.  and  I 
cold.  f 

Colourless,  hot. 
and  cold.  ) 


Confirmatory.— 
presence  of  ^In  and  Cr, 
may  be  confirmed  by 
fusing  the  substance 
with  NazCOs  and  KNO3 
on  platinum  foil. 


Confirmatory.— Ueat 
also  some  of  the  sub- 
stance, mixed  or  covered 
with  powdered  KCy  and 
NazCOs  or  K2C2O4,  on 
charcoal  in  the  inner 
blowpipe  flame. 


Light-yellow  mass  on  cooling. 
Blue-green  mass  on  cooling. 


6.  With  incrustation. 


AI2O3,  and  some  phos- 
pli:  tes, arsenates,  sili- 
cates, and  borates. 

MgO. 

ZuO  (or  possibly  Sii)- 


Cu. 
Co. 


3.  The  residue  is  coloured,  or  me- 
'  tallie  scales  or  globides  are  seen. 
The  substance  is  reduced  to  the 
metallic  state.    (See  994  ) 

a.  "Without  incrustation. 

Brilliant  white  metal. 
Yellow  metal. 
Red  scales  or  globules. 
Grey  powder,   attracted  by  a 
magnetised  linife-blade  (994). 


Confirmatory. -'De- 
tach several  of  the  glo- 
bules with  the  point  of 
a  knife,  and  strilce  them 
on  the  bottom  of  an  in- 
verted mortar  with  the 
pestle;  if  they  flatten  to 
a  calie  they  are  malle- 
able, if  crushed  to  a 
powder  they  are  brittle. 
Try  also  if  a  globule, 
fixed  on  the  point  of  a 
knife,  marks  paper. 

Note.— The  appearance 
and  malleability  of  one 
reduced  rnetal  is  fre- 
quently much  altered  by 
the  presence  of  another. 


Globules. 
White,malledble, 
not  marking 
paper. 

White,  brittle. 

White,maUeahle, 
marking  paper. 

White,  brittle, 
giving  white 
fumes. 

Nojie. 

None. 

None. 


Ni. 
Fe. 

Cr.  ) 
Mn. 


>-  See  Confirm  ' 
j  test  below. 


Cr. 

Mn.   (See  993.) 


An,  Ag,  Cu,  Pb,  Sn,  Sb, 
Bi ;  [Co,  Ni,  Fe,  lln, 
form  grey  powders]. 

Au,  Ag,  Cu,  Co,  Ni, 
Fe,  :Mii,  Sn. 

Ag,  Su :  Ni  if  hard. 

Au. 

Cu. 


Incrustation. 
None,    or  very 
slight. 


Orange,  hot.  \ 
Yellow,  cold.  ( 
Yellow,  hot  and 
cold. 

White,  close  to 
substance. 


Yellow,  hot.  ) 
White,  cold.  ) 
iJ(3d-broi(m,easily 

volatilised. 
White,  and  white 

fumes ;  smell 

of  garlic. 


Fe,  Co,  Ni,  Mn. 


Sn. 


Bi. 
Pb. 

Sb. 


Zn. 
Cd. 

As. 
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Experiment. 

Observation. 

Inference. 

992  .Sxp.  IV.— Fuse  some 
of  the  substance,  mixed 
with  Na.^CO:;,  on  charcoal 
in  the  inner  blowpipe 
flame  produced  from  a 
spuit-lamp  ;  remove  the 
fused  moss  when  cold, 
place  it  on  a  bright  silver 
coin,  nioisiten  with  a  drop 
of  water,  and  let  stand  for 
several  minutes. 

On  rinsing  off  the  substance,  the 
coin  is  found  to  be  stained  black 
(Sox),  Also,  if  a  drop  of  llCl  lie 
placed  upon  the  mass,  a  smell  of 
HjS  is  perceived,  and  lead-paper 
is  blackened. 

Presence  of  S,  free  or 
combined. 

Note.  —  Since  this 
reaction  serves  to 
detect  S  and  sulpliiir- 
acid-radicles,  it  more 
properly  bcloni^s  to 
the  Preliminary  Ex- 
amination for  acid- 
radicles  :  it  is,  however, 
best  tried  here. 

Notes  to  the  preceding  Preliminary  Table. 

993.  The  green  colour  produced  by  Mn  conceals  the  light  yellow 
due  to  Cr ;  on  boiling  the  residue  with  water  it  gives  a  pink  or  purple 
solution,  the  colour  of  which  is  best  seen  on  filtering  :  this  colour  is  due 
to  the  formation  of  KMn04,  and  shows  Mn  to  be  present.  On  acidifying 
this  solution  with  HA  and  boiling  again  for  several  minutes,  the  purple 
colour  is  destroyed  ;  and  on  filtering,  the  yellow  colour  due  to  Cr  is 
seen  :  the  presence  of  Cr  may  be  further  confirmed  by  the  formation 
of  a  yellow  precipitate  in  the  acid  solution  on  addition  of  PbAg. 

994.  The  metal  is  best  separated  and  examined  by  detaching  the 
mass  when  cold  from  the  charcoal,  and  powdering  it  by  crushing  in  a 
mortar  or  on  a  watch  glass  with  a  little  water,  letting  stand  for  a  short 
time,  and  then  quickly  pouring  off  the  water  down  a  glass  rod  or 
pestle  which  is  wetted  and  pressed  against  its  edge  ;  by  several  times 
repeating  this  operation,  the  heavier  metallic  particles  alone  are  left  in 
the  mortar  or  watch  glass  (m). 

995.  Note. — When  the  substance  to  be  examined  contains  several 
bodie.s,  they  frequently  more  or  less  mask  one  another's  reactions:  thus 
Co  if  mixed  with  Fe  will  give  a  bead  green  whilst  hot  and  blue  when 
cold,  thus  resembling  Cu,  but  differing  in  remaining  blue  in  the  inner 
Harae:  hence  the  composition  of  many  complex  mixtures  is  only  roughly 
indicated  by  the  Preliminary  Examination,  and  must  be  confirmed  and 
established  in  the  wet  way.  Many  substances,  more  particularly 
minerals,  however,  can  be  completely  analysed  by  a  careful  Preliminary 
Examination. 
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PRELIMINARY  EXAMINATION  FOR  ACID- 
RADICLES. 


996.  The  substance  is  required  for  this  examination  in  the 
state  of  powder  or  of  stronrj  solution.  _ 

If  the  substance  given  for  analysis  is  a  solution,  part  of  it 
maybe  evaporated  to  dryness :  the  dry  residue  is  then  finely 
powdered  and  subjected  to  the  following  tests.  If  several 
ucid-radicles  and  metals  are  present,  the  reactions  may  be 
more  or  less  perfectly  concealed  or  altered,  hence  failure  in 
obtaining  a  certain  reaction  does  not  in  all  cases  necessarily 
prove  the  absence  of  the  corresponding  acid-rad|cle^  


Experiment. 


997.  Exp.  I.— Treat 
some  of  the  sub- 
stance with  dilute 
HCl  and  note  the 
result,  then  heat 
moderately. 


Observation. 


Inference. 


One  or  more  of  the  following 
gases  may  be  evolved: — 

A  colourless  gas  without 
smell,  which  turns  milky 
a  drop  of  lime-water  on 
the  end  of  a  glass-rod. 

A  gas  of  suffocating  smell, 
which  turns  a  drop  of 
K2Cr207  soltition  green. 

Yellow  S  is  precipitated  at 
the  same  time. 

A  gas  with  fetid  odour, 
which  blackens  a  drop  of 
Pb  A2  solution,  or  a  piece 
of  lead-paper.  (Refer  to 
892.) 

Reddish  fumes. 

A  yellowish-green  gas,  of 
suffocating  smell,  which 
bleaclies  moist  litmus- 
paper,  is  evolved  :— 

a.  In  the  cold  ;  and  also 
evolved  on  adding  HA. 

b.  Only  when  heated. 


CO2  from  a  carbonate. 

SO2  from  a  sulphite,  or 
from  a  sulphate  in  the 
presence  of  AS2O3  or 
other    reducing  sub- 

SOo  and  S  from  a  thio- 
sulphate. 

H2S  from  a  sulphide  ;  or 
possibly  from  a  sulphite 
or  thiosulphate,  if  Zn 
or  other  reducing  agent 
be  present. 

l?"roni  a  nitrite. 


Dip  into  the  HCl  solu 
tion  a  strip  of  tur- 
meric-paper. 


A  colourless  gas,  smelling 
of  liitter  almonds^  


On  drying  this  paper  at  a 
gentle  heat,  it  becomes 
reddish-brown. 


CI  from  hypochlorite. 

CI  from  action  of  HCl  on 
oxidising  substances, 
e.g.,  Mn02,  chromates, 
nitrates,  chlorates,  &c. 

HCy  from  a  cyanide. 


Presence  of  a  borate  (588). 
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Experlincnt. 


998-    Exp.    II.  -  Heat 
another  portion  gently 
with  strong  HoSO^. 
No  attclitlull    iiceil  1)0 

paiil  to  ^'uses  evulvcd  in 

Exp.  I.  (997). 

Conjjnnaton/.  —  Jlix 
some  of  tho  siil)stanc-f 
witli  ilnOo  free  /mm 
chliiride,  11(1(1  stronj; 
iloSOj  iiiul  wiinn. 


Confirmatr)r!i.~T)rox> 
Into  the  h()tli(|ui(l  a  few 
small  pieces  of  copper. 
If  no  brown  fumes  are 
seen  proceed  to  next  test 

Covjirmaton/.  —  Boil 
.some  of  tlie  solid  sub- 
staijce  witli  water,  or 
take  some  of  the  lifpiid  ; 
cool,  add  about  twice  as 
much  .stron;;  Ua'^Oj, 
cool,  and  pour  cohl 
solution  of  l''eSU4  care- 
fully inuixui  the  top  of 
the  acid  liiiuid. 


Observation. 


1.  A  gas  is  evolved  with 
j)unyent  smell,  wldch 
lumes  in  the  air,  and 
renders  milky  a  drop  of 
A^NO;;  solution  made 
acid  witli  llMUj. 

A  yellow  jras  is  given 
off  with  strong  smell, 
wliidi  bleaches  moist 
litmus-paper  (looo). 

Brown  vapour  is  given 
olf,  which  colours  a  little 
moist  starch  powder 
orange-red. 

Violet  vai)our  is  given 
off,  which  colours  a  drop 
of  starch  paste  blue. 

2.  A  heavy  fuming  suffo- 
cnting  g!is  is  evolved, 
and  the  li(|uid  beliaves 
as  if  tlie  glass  were 
greasy  :  on  rinsing  out 
the  tube,  and  diying 
it  thoroughly,  the  in- 
side is  seen  to  be  cor- 
roded and  dimmed. 

3.  The  acid  fumes  are 
reddisli,  nsually  seen 
only  on  hmtnig  after 
adtling  a  few  fragments 
of  Cu. 

A  dark  brown  ring  or 
layer  forms  upon  the 
surface  of  the  acid, 
eitlier  at  once  or  on  cool- 
ing the  li(|uid  by  im- 
mersing tho  test-tube 
in  cold  water. 

[liefer  to  Isote,  1050.  ] 


4.  The  acid  is  coloured 
reddish-yellow,  and  a 
yellow  gas  is  evolved 
which  smells  like  CI 
and  bleaches  litmus : 
on  heating  the  acid 
explosion  or  crackling 
occurs.  Confirm  by 
54S- 

5.  The  substance  changes 
from  yellow  to  green,  0 
being  evolved,  as  is 
shown  by  a  glowing 
taper. 


Inference. 


IlCl,  IlBr,  III,  IIF*  from 
chloride,  bromide, 
iodide,  or  (luoride. 


Probably      CI  from 
chloride. 


Br  from  bromide. 

I  from  iodide. 

HF  from  fluoride :  con- 
firm liy  606. 

The  IIF  acting  upon  the 
silica  of  the  glass  evolves 
.SiF4,  which  is  detected 
by  holding  a  moistenetl 
glass  rod  in  tho  gas  ;  Si02 
will  be  deposited  as  a 
gelatinous  lilni  upon  it. 

Presence  of  nitrate. 

If  iodide  is  present  it 
must  usually  be  separated 
by  CU.SO4  (563)  before  a 
nitrate  can  be  detected. 


Presence  of  nitrate. 


Frcsence  of  chlorate. 

For  detection  of  ni- 
trate and  cldoratc  when 
mixed,  see  550. 


Presence  of  chromate. 


MIF  would  act  upon  the  glass,  and  tlie  .SiF^  thus  formed  would  render  the 
drop  milky  by  depositing  Si02 :  distiuguislicd  by  corroding  the  glass.  (See  998,  2.) 


Z 
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Experiment. 


Observation. 


Inference. 


C.  Yellowish  green  gas, 
with  sutt'Dcating  sniell, 
which  bleaches  moist 
litmus. 

7.  The  same  gas  as  in  6, 
but  coloured  reddish 
hrownhy  nitrousfumes : 
or   coloured  reddish 
brown  by  CrOCl2. 

8.  Substance  does  not 
blacken,  but  evolves  CO 
which  burns  with  a  blue 
flame,  and  CO2  which 
turns  a  drop  of  lime- 
water  milky. 

9.  Substance  blackens, 
and  SO2  is  smelt. 

10.  A  smell  of  acetic  acid 
or  vinegar  is  noticed. 


CI  from  a  hypochlorite 
(detected  already  in  997;, 
or  from  a  chloride  m 
presence  of  MuOj  &c. 

A  chloride  in  presence  of 
a  nitrate  or  nitrite. 

A  chloride  in  presence  of 
a  chromate. 


ri-esence  of  an  oxalate. 
Prcser.ce  of  a  tartrate. 
HA  from  an  acetate. 


Confirma  tnry.  — Add 
a  little  alcohol  to  the 
sulistance  and  heat 
with  HaSOi. 


Strong  fragrant  odour. 


Ethyl  acetate  from  an 
acetate. 


Notes  on  the  preceding  Table. 

999  The  S  present  in  sulphides  which  are  not  decomposed  by  dilute 
HCl  is  detected  by  fusing  the  powdered  substance  with  two  or  three 
times  as  much  fusion  mixture  (NaaCOg  +  KsCOa)  in  a  covered  crucible, 
boiling  with  a  little  water,  and  placing  a  drop  upon  a  bright  silver 
coin,  when  a  dark  stain  will  be  produced ;  or  by  adding  excess  of  an 
acid 'to  the  solution,  when  H„S  will  be  evolved.  Smaller  quantities  of 
S  may  be  detected  by  the  formation  of  a  black  colour  or  precipitate  ou 
adding  Pb to  the  solution  of  the  fused  mass. 

1000.  Chlorides  treated  in  this  manner  evolve  CI,  recognised  by  its 
rol our.' smell,  and  bleaching  action  on  litmus-paper;  but  this  test  for 
chlorides  is  trustworthy  only  if  the  precautions  stated  in  554  are 
attended  to,  since  many  samples  of  MnOa  evolve  01  when  they  are 
warmed  with  H2SO4. 


[lOOl.] 
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EXAMINATION  FOR  METALS  IN  THE  WET 

WAY. 


After  the  Preliminary  Examination  of  the  soHd  snbstance 
has  been  completed,  a  portion  of  the  substance  is  dissolved 
(lOOl),  and  the  solution  is  submitted  to  the  systematic  ex- 
amination, which  commences  at  paragraph  1007.  This  is 
often  termed  "The  Examination  in  the  Wet  Way." 


Process  op  Solution. 

lOOI.  A  portion  of  the  solid  substance,  reduced  to  an 
impalpable  powder  (988),  is  boiled  in  a  flask  (fig.  38,  p.  60) 
or  boiling-tube  with  distilled  water :  if  it  dissolves  entirely, 
proceed  to  1007. 

If  the  powder  does  not  dissolve,  allow  the  liquid  to  stand 
until  the  undissolved  portion  has  in  great  part  settled,  then 
decant  through  a  filter :  the  filtrate  is  Solution  I. 


Mesichte  in  rtask:  boil  with  dilute  BCA  (1004),  allow  any  residue  to  settle 
decnnt  ll.rou-h  tl.e  filter  used  above  (1005);  repeat  tliis  process  an, 
hnally  bod  the  residue  with  strong  UCl,  let  settle,  decant  tlirough  llie 

FUlraU  ia 

Residue:  lient  with  dilute,  tlicn  with  stron;,'  HNO,  (roc6) 
as  was  du'euted  above  for  HCl ;  decant  thioiiirli  ti,e 
niter: — 

FUtrate  m 

liesidne  may  l)e  warmed  for  a  short  tinip 
with  a  mixture  of  stiom;  IfNOj   (roo6)  1 
with  tliree  times  as  much  llCl ;  if  tins 
d-.es  not  dissolve  it,  dilute  and  decant 
tlie  acid  mixture  througii  the  illter-- 

Solntlon  II. 

Solution  III. 

Filtrate  is 
Solution  IV. 

Piesiibie:  wash  m'cU  with 
water,  dry,  and  examine 
as  directed  (1074  si  scj.) 
for  substances  insoluble 
iu  water  and  acids. 
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1002.  Solutions  I.,  II.,  III.,  IV-  need  not  be  examined 
separately.  Add  to  I.  a  few  drops  of  dilute  HNO3  and  if 
no  precipitate  is  produced  (1008)  acidify  it  with  HCl ;  add 
also  to  Solution  III.  some  HCl.  Any  precipitate,  caused  by 
HCl  in  these  solutions,  is  filtered  off  and  examined  by  Table 
I  (1022).  The  Solutions  I.,  IL,  HI.,  IV.  are  then  mixed 
together,  and  any  precipitate,  produced  by  mixing  them,  is 
examined  by  paragraphs  1074  insoluble  substance. 

It  is  best  to  boil  down  Solutions  III.  and  IV.  considerably, 
in  order  to  get  rid  of  most  of  the  HNO3  which  they  contain, 
before  they  are  mixed  with  Solutions  I.  and  II. 

The  mixed  Solutions  are  then  examined  by  paragraph 

1007. 

1003.  If  a  complex  solid  mixture  is  given  for  analysis,  and  the  only 
object  is  to  obtain  a  solution  as  rapidly  as  possible,  tlic  substance  may 
be  at  once  boiled  with  aqua  rcgia  for  a  few  minutes,  then  diluted  and 
filtered.  The  residue  is  examined  as  a  substance  insoluble  in  water 
and  acids  (1074.  et  scq. ).  The  filtrate  is  evaporated  nearly  to  dryness 
dilute  HCl  is  added,  and  the  solution  is  examined  by  the  General 
Table  (1007). 

1004.  Any  Changes  which  occur  on  the  Addition  of  HCl 

should  be  noted  down.  Notice  especially  whether  any  gases 
are  given  off.  Many  of  these  may  be  at  once  recognised  by 
their  smell ;  but  a  closer  examination  may  be  neglected,  as 
these  gases  will  have  been  already  obtained  in  the  Prelimi- 
nary Examination  for  Acid-radicles  (997). 

If  the  gases  are  evolved  from  the  aqueous  solution  when 
HCl  is  added,  or  when  the  HCl  and  aqueous  solutions  are 
mixed,  the  corresponding  acid  radicles  must  have  been 
present  in  salts  soluble  in  water,  probably  salts  of  alkali- 
metals  If  the  gases  are  evolved  when  the  residue  insoluble 
in  water  is  treated  with  HCl,  the  radicles  were  present  m 
salts  insoluble  in  water. 

1005.  When  the  hot  HCl  solution  is  cooled,  crystals 
often  separate.  These  usually  consist  of  PbCl,,  rarely  of 
BaCl.,.  The  crystals  should  be  filtered  ofl"  and  dissolved  in  a 
little ^loiUng  water.     Ba  is  easily  found  by  the  flame-colora- 


[1006.] 
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tion  whicli  is  given  hj  the  solution  (175).  The  formation  of 
!i  hriglit  yellow  precipitate,  wlien  a  drop  of  Iv.^CrO^  is  added 
to  the  sohitioii,  proves  the  Presence  of  Ph :  La  gives  only  a 
pale  yellow  precipitate. 

If  Pb  has  been  found,  and  a  residue  is  left  after  the 
original  substance  has  been  treated  witii  HCl,  this  residue 
may  consist  of  PbCl., :  this  substance  may  be  dissolved  by 
boiling  it  with  water,  and  the  use  of  IIXO3  ^'^1  thus 
avoided  (I006). 

1006.  HNO3  seldom  requires  to  be  used  in  dissolving  a 
substance.  This  acid  should  be  employed,  when  necessary, 
only  in  very  small  quantity,  since  it  decomposes  H.3S  with 
separation  of  S  unless  the  solution  is  dilute  and  cold  (lOII) : 
the  presence  of  IINO3  "^^^7  accordingly  delay  or  prevent  the 
precipitation  of  Group  II. 
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1007.  GENEEAL  TABLE  FOR  SEPAEATIOIT  ( 

If  the  substance  for  analysis  is  a  li^iuid  with  neutral  or  alkaline  reaction^ 

examined  as  directed  below.  .  ,  „  „         ,  v 

In  this  Table,  and  also  in  the  Group  Tables  which  follow,  it  has  been  sn 
precipitate  will  be  produced  when  the  reagent  is  added  for  its  detection  ;  a' 


A fh.  .r.ater  T)art  of  the  "  original  solution  "  *  HCl ;  if  any  precipitate  is  produ> 


The  precipitate  may  con- 
tain— 

-phCAo— white. 
AgV\— white. 
UgjClj — white. 

(Seeioio.) 


Examine  the  precipitate 
by  Table  I.  (1022). 


The  filtrate  or  solution,  which  must  give  no  furtlier  pre« 
then  diluted  with  water  (ioi3>,  unless  it  is  ali-eady  dilj 
several  minutes  (1014,  1015)  and  filtered  : 


The  precipitate  may  con- 
tain — 


Jl^?,— black 
ThS— black 
Bu^s— black 
Cn^— black 
CdS-yellow 


jV'otc— Wlien  the  hot  HCl 
solution  is  cooled,  PhCL 
often  separates  in  white 
crystals.  The  absence  of 
Pb  is  not  proved,  if  it  is 
not  precipitated  in  this 
group,  as  Pb  CI2  is  somewhat 
soluble,  and  Vb  may  there- 
fore be  found  only  in 
Group  II. 


SnS—broion 
SnS.,— yellow 

SboSj— orarw/e  {  in  KHO 
As'-Sj— veiJou)  (  and  in 
[AxuSz— black])  Ain^S. 
[PtSi— black]  ' 

Examine  the  precipitate  at 
once  by  Table  II.  (1024). 


The  solution  or  filtrate  u\ 
cipitated :  as  soon  as 
disli  until  it  ceases  to  sii 
and  the  residue  gently  igw 
heated,  then  water  is  add 

Add  a  few  drops  of  the 
tate  shows  the  presence  * 

Add  to  the  rest  of  the  Tia  d 
N  „  ,   ,  ,    I   anv  precipitate,  which 
/  ^'^^i^J^',*;    (1018):   if    a  phosphatti 
pliates  aie  absent  procea 


Insoluble 
in  KHO 
and  in 
AiUoS . 


[Note.—SJbU 


Note  1.— Any  precipitate 
formed  on  boiling  the 
filtrate  will  have  to  be 
added  to  the  above. 

Note  2.— Unless  tlie  liquid 
has  been  sufllciently  di- 
luted some  of  the  above 
metals  may  be  afterwards 
precipitated  by  AnijS  in 
Group  III.,  and  cause 
much  confusion. 


The  precipitate  may  contat 


Alo(HO)fi- 
GriCHCOe- 
l''e2(HO)6 


-almost  colourle! 
-light  green, 
-reddish  broion. 


Examine  the  precipitatet 
'J  ablc  III.A  (1027). 


Notes  on  the  General  Table. 
1008.  If  the  liquid  under  examination  is  alkaline  or  neutral  in 
reaction,  HNO3  must  be  added  in  slight  excess,  before  the  examination 
by  the  General  Table  is  commenced  ;  a  change  of  colour  from  green 
to  purple  indicates  the  Presence  of  Manganate  (628,  629).  If  no 
precipitate  forms,  the  liquid  is  at  once  examined  by  the  Geneial 
Table  ;  if  a  precipitate  is  produced,  more  HNO3  is  added,  and  tlie 


*  By  the  "  original  solution  "  is  meant  the  solution  of  the  substance  if 
a  solid,  or  the  substance  itself  if  a  liquid,  to  which  no  reagent  has  been 
added. 
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ISIETALS  INTO  GROUPS  EY  GROUP-EEAOENTS. 

requires  special  treatment  (1008) ;  if  its  reaction  is  acid,  it  may  be  at  once 

posed  that  all  metals  are  present :  if  a  metal  or  group  of  metals  is  absent,  no 
hence  no  filtration  is  necessary,  the  solution  being  then  treated  as  a  filtrate. 


continue  to  add  IICl  as  long  as  it  causes  any  further  precipitate,  warm  and  filter  : 


tate  on  ad.iiti..n  of  several  drops  of  nci,  is  l.oiled  down  if  necessary  (loii),  and  is 
n  is  tlieu  satiuated  with         by  passing  the  gas  through  the  solution*   (1124)  lor 


luted  and  is  passed  again  into  it,  to  make  sure  that  Group  II.  is  completely  pre- 
Drodiu-es  no  further  precipitate  the  clear  solution  or  filtrate  is  l>oiled  in  a  porcelain 
oiH.>b(ioi6),a  little  strong  UN O3  is  then  added,  and  the  li.iuid  is  evaporated  to  dryness 

inv       'iliViv!  1      •      '''^M^  i*"'*^  HCl  is  poured  upon  the  residue  and 

any  undissolved  residue  is  filtered  otf  (1017). 

solution  to  some  AmTr^roO^  solution  in  a  test-tube,  and  warm  gently  ;  a  yellow  precipi- 
phosphate;  if  no  precipitate  13  formed  with  AniHMoO,,  i;/tos^Aaies  are  a^/ewf. 

tion  AmCl,  heat  it  to  boiling,  then  add  AmllO  in  excess,  boil  again,  and  filter  off 
fonii.as  (iiiickly  as  possible,  keeping  the  funnel  closely  covered  with  a  ylass  plate 
present  and  a  precipitate  is  produced  by  AnillO  refer  to  Tables  (1065,  1066''  if  pilos- 
is directed  below :   \     Oi        -)  i^iwa 

io6a,  et  seq.,  for  full  directions  for  precipitating  Groups  III.A  and  III.b.] 


Add  to  the  filtrate  or  solution,  which  maybe  coloured  (1019),  yellow  Am.,S  in  excess, 
0011  anil  iiiter !—  "  ' 


The  precipitate  may  contain — 

7.n^— while. 
MnS— light-pink. 
CoS — black. 
$iiS — black. 

Examine  this    precipitate  at 
once  by  Table  HLb  (xozS). 


Add  to  the  filtrate  or  solution,  which  must  be  dis- 
tinctly yellow  or  brown  (loao),  AmjCOa,  warm 
gently  and  filter  :— 


The  precipitate  (loai)  may 
contain — 

T,nCri^— white. 
HrCOj— white. 
CuCOi— white. 

Examine  the  precipitate  by 
Table  IV.  (1031). 


Tlie  filtrate  may  contain 
Mg,  K,  Na. 


Examine  by  Table  V 
('°3S). 


liquid  is  lieated,  and  if  a  precipitate  still  remains,  it  is  filtered  off  and 
tlie  filtrate  is  examined  by  the  General  Table,  commencing  with  the 
addition  of  HCl. 

Tlie  precipitate  caused  and  not  dissolved  by  HNO.^  mny  be  finely 
divided  sulphur,  wliich  separates  as  a  white  powder  from  a  suliiliide 
and  as  a  yellow  powder  from  a  thiosulphate  t  ;  this  precipitate  may  be 
recognised  by  its  colour,  and  by  not  being  scpaiable  by  standing  or 
filtration  ;  it  may  be  disregarded.    There  may  also  be  precipitated 


*  Instead  of  diluting  and  passing  the  gas,  HaS-solution  may  be  added, 
t  Formerly  called  a  "hyposulphite." 
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H.SiO.(celatinoiis,  almost  colourless),  SnO.or  metastannic  acid  (1009), 
Sb,0-  AcrCl  (all  three  Avhite),  SnS^As^Sg  (both  yelloAv),  Sb,S,  .orange). 
A  f'uli  examination  of  this  precipitate  for  all  that  it  n.ay  contain  may 
be  made  by  boiling  the  precipitate  with  aqua  regia,  and  then  caluting 
the  liquid  and  iiltering  it;  any  insoluble  residue  which  remains  is 
then  examined  as  a  substance  insoluble  in  water  and  aculs  (1074)  ;  the 
aqua  regia  solution  is  added  to  the  iiltrate  from  the  precipitate  which 
was  originally  produced  by  imO„  and  any  precipitate  which  is  caused 
by  mixing  these  solutions  is  examined  by  Table  L  (1022). 

1000.  Metastannic  acid  is  precipitated  from  the  solution  of  an  alka- 
liue  nictastannate  by  the  addition  of  an  acid.  It  forms  a  white  i^-e- 
cipitate,  which  becomes  golden-yelloio  when  it  is  moistened  with  SnCl, 
solution.  It  is  further  recognised  by  dissolving  in  the  washing-water 
while  it  is  being  washed,  and  being  reprecipitated  when  the  washing 
runs  into  the  acid  filtrate. 

lOlO  It  must  be  remembered  that  strong  HCl  also  precipitates  a  . 
stronc.  solution  of  a  barium  salt.    This  precipitate,  however,  is  readily 
dissofved  when  water  is  added,  and  the  liquid  is  heated  :  it  is  easily 
distinguished  in  this  way  from  AgCl  and  HgoCla- 

ion  IfHNO,  oraqua  regia  has  been  used  in  dissolving  the  sub- 
stance (lOOi,  1006),  or  if  the  solution  smells  of  CI  or  SO^,  the  liquid 
should  be  boiled  down  considerably,  until  neither  of  the  above  gases 
is  smelt  when  HGl  is  added  and  the  liquid  is  again  boiled.  The 
solution  is  then  diluted,  and  H.,S  is  passed  into  it  at  once,  whether 
the  dilution  has  caused  a  precipitate  or  not  (1013).  _ 

If  As  has  been  detected  in  the  Preliminary  Examination,  H0SO3 
should  be  added,  until  the  liquid  smells  of  SO^  after  it  has  been 
boiled  for  a  short  time.  The  liquid  is  then  heated  for  some  time 
short  of  boiling  until  it  no  longer  smells  of  SO^.  This  treatment 
reduces  arsenic  and  stannfc  compounds  to  the  arsenious  and  stannous 

condition.  .  i  i  • 

In  the  case  of  As  this  reduction  is  to  be  recommended,  since 
arsenic  compounds  are  not  easily  precipitated_  by  H,S.  It  is  also 
very  desirable  to  reduce  stannic  compounds,  since  SnSg,  unlike  bnb, 
readily  runs  through  the  filter,  and  being  yellow  in  colour  may  be 
mistaken  for  S.  It  will  of  course  be  necessary  to  try  the  special  tests 
q2c?-Q26  and  340-342  upon  the  orirjinal  solution,  in  order  to  ascer- 
tain in  which  state  As  and  Sn  were  originally  present.  If  any  preci- 
pitate, other  than  white  sulphur,  is  produced  by  boiling  with  H.&Os, 
refer  to  paragraph  I0I2. 

I0I2  While  the  solution  is  being  boiled  with  HoSOg,  some  H.2SO4 
is  usually  formed.    This  acid  may  partially  or  completely  precipitate 
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PI),  B;i,  Sr  as  white  sulphates.  HoSO^  may  also  precipitate  An  as  a 
tine  jtowder,  which  causes  the  cool  liquiil  to  appear  blue  by  transmitted 
and  brown  by  rellectcd  light  ;  this  fine  precipitate  remains  suspended, 
but  separates  as  a  black  powder  wlien  the  liquid  is  boiled.  Examine 
any  precipitate  which  has  been  formed  by  ILSO3  by  Table  G  (1023). 

1013.  Dilution  witii  water  may  cause  Bi,  Sb,  Sn  to  form  white  preci- 
jiitates  of  their  oxychlorides.  These  precipitates  maybe  disregarded, 
since  IToS  readily  converts  them  into  sulphides. 

1014.  HoS  often  produces  a  fine  white  precipitate  of  S  :  this  is  cnuscd 
by  tlie  presence  of  cortain  oxidising  substances,  such  as  CI,  HNO3, 
HC10.J,  ll,CrOj,  IIMnO^,  HoSO..{,  FeXly  (loii).  This  precipitate  is 
known  by  its  perfect  whiteness,  and  by  not  being  separable  by  standing 
or  by  filtration  ;  it  may  be  neglected.  Great  care  must  however  be 
taken  not  to  mistake  SnS.,  for  S  ;  it  resembles  S  in  running  through 
tilter-])aper,  but  differs  by  being  distinctly  yellow  in  colour;  it  may 
often  be  coagulated  by  shaking  or  heating  the  liquid. 

1015.  Certain  changes  may  be  observed  while  HgS  is  being  passed  ; 
they  should  be  carefully  noted.  Thus  while  Hg  and  Pb  are  being  pre- 
cipitated  by  H._,S,  the  precipitates  often  show  characteristic  colours  (279, 
284).  A  solution,  which  is  coloured  reddish-yellow  by  HoCrO^,  becomes 
green  ;  a  solution,  which  is  coloured  purple  by  HMnOj,  becomes  colour- 
less ;  and  a  roddish-yellovv  ferric  solution  becomes  a  pale-green  ferrous 
solution.    Each  of  these  changes  is  attended  by  separation  of  sulphur. 

1016.  If  a  yellow  precipitate  forms  when  the  filtrate  or  solution  has 
been  saturated  with  H^S  and  then  boiletl,  this  shows  the  presence  of 
an  arsenic  or  a  stsLXinic  compound.  In  this  case  H.^S  should  be  passed 
into  the  boiling  liquid  as  long  as  it  causes  any  further  precipitate,  the 
precipitation  being  precede.I  with  advantage  by  reduction  with  SO2 
(lOll).  The  precipitate  is  filtered  offand  added  to  any  precipitate  which 
has  been  already  obtained  by  H._,S,  and  is  then  examined  by  Table  II. 

1017.  SiO.,  and  other  substances  may  be  present  in  the  insoluble 
residue  which  is  left  after  evaporation  with  HCl.  SiOg  is  distinguished 
from  any  other  substances  by  disappearing  when  it  is  heated  with  HE. 

AloO;,,  FegOs,  CrjO.,  may  remain  undissolved  bv  PICl,  if  they  have 
been  rendered  difficultly  soluble  by  the  ignition  to  which  the  residue 
lias  been  subjected.  They  may  be  dissolved  by  long-continued  heating 
with  strong  HCl.  The  solution  thus  obtained  is  added  to  the  other 
solution  which  is  to  be  examined  for  Group  III. a. 

BaSO^  and  SrSO^  may  also  remain  undissolved.  They  arc  detected 
by  heating  some  of  the  resi-lue  strongly  for  a  short  time  in  the  inner 
blowpipe-Ilame  upon  a  loop  of  platinum  wire,  then  moistening  the 
loop  with  a  drop  of  strong  HCl,  and  holding  it  in  the  outer  part  ol"  tho 
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Bnnsen-fiaTne.  Crinison-rcd  flashes,  ^vliich  arr^ar  red  through  the 
indigo  inism,  prove  the  presence  of  Sr  ;  a  yellowish-green  llame-colora- 
tiou  sliows  that  Ba  is  present.  These  llame-colorations  should  also  be 
examined  by  the  spectroscope  (113). 

The  following  is  a  less  rapid  method  of  detecting  Ba  and  br.  Dry 
the  insoluble  residne  ;  fuse  it  on  platinum  foil  with  three  or  four  times 
as  much  fusion  mixture  ;  allow  it  to  cool,  then  boil  the  mass  with 
water  until  it  is  disintegrated  ;  filter,  wash  the  residue  well  upon  the 
filter,  and  examine  it  by  Table  IV.  (1031)  for  Ba  and  Sr  only. 

1018.  Mn  and  Zn  may  accompany  the  precipitate  of  Fe2(HO)6, 
A1.(H0)«,  Cr2(HO)6  in  Group  111a.  The  precipitation  of  Mn  is  paiily 
presented  by  keeping  the  liquid  from  exposure  to  the  air  after  AmHO 
has  been  added  in  excess.  But  the  further  precaution  should  be  taken 
of  dissolving  the  precipitate,  which  has  been  produced  by  AmHO,  m 
HCl,  and  reprecipitating  it  by  AmHO  :  the  liquid  is  tl.en  filtered 
and  the  filtrate  is  added  to  the  filtrate  which  was  originally  separated 
from  the  Group  IILa.  precipitate.  This  treatment  of  the  precipitate 
should  be  repeated  several  times,  if  small  quantities  of  Zn  or  Mn  have 
to  be  looked  for  in  the  jn-esence  of  Al  or  Fe. 

It  is  better  still  to  precipitate  Groups  III.a.  and  III.B.  together 
(1058),  and  to  examine  the  precipitate  by  Tables  lll.c,  III.d.  (1063, 
1064).    See  rules  given  in  paragraph  1062, 

1019.  The  filtrate  or  solution,  after  the  addition  of  AmCl  and  AmHO, 
may  be  coloured  Uue  by  Ni,  brown  by  Co,  or  reddish-violet  by  CiaHoOe, 
which  have  been  dissolved  in  the  excess  of  AmHO. 

The  CraHoOg  must  be  removed  before  proceeding  to  examine  for  the 
remaining  Groups.  It  is  readily  separated,  as  a  pale  green  fiocculent 
].recipitate,  by  boiling  the  liquid  for  a  short  time  in  a  porcelain  dish, 
a  little  more  AmHO  being  added  if  the  liquid  does  not  smell  of  NH3 
after  it  has  been  boiled  for  a  short  time.  This  precipitate  is  filtered  ofl, 
and  the  filtrate  is  further  examined  for  Groups  III.B.,  IV.,  and  V.  by 

the  General  Table. 

The  coloration  of  the  ammoniacal  liquid,  which  is  caused  by  ^si 

or  Co,  is  not  removed  by  boiling  the  liquid. 

1020.  A  brown  or  dark  colour  in  the  filtrate  from  the  Group  11  Ib 
precipitate  shows  that  Ni  is  present,*  the  colour  being  due  to  the 


*  If  Groups  III.A.  and  III.B.  have  been  precipitated  together  by 
AmC!  AmHO,  and  AmoS  added  in  succession  (1058),  the  coloration  of 
the  filtrate  may  also  be  due  to  Cr^HcOg.  When  the  filtrate  wliich  is 
coloured  by  CioHgOe  is  boiled  in  a  porcelain  dish  for  several  minutes, 
pale  green  Cr^B^OQ  is  precipitated,  which  cannot  be  mistaken  for  Hack 
NiS. 
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solution  of  some  of  tlie  NiS  in  the  excess  of  yellow  AnioS.  If  the 
liltrate  is  brown  or  black,  it  should  be  poured  into  a  porcelain  dish 
and  boiled  until  black  NiS  settles  down  and  leaves  a  colourless  liquid, 
when  the  lamp  is  removed  for  a  few  minutes :  it  may  be  necessary 
to  add  a  little  water,  in  order  to  prevent  evaporation  to  dryness.  Tlio 
liquid  is  then  passed  through  a  small  filter,  and  tlie  black  precipitate 
is  tested  for  Ni  by  fusing  the  portion  of  the  lilter-paper,  which  is 
stained  by  the  NiS,  into  a  colourless  borax-bead.  If  the  bead  is 
violet  or  broivn  while  hot  ajid  ydloxo  when  cold  after  it  has  been  heated 
in  the  outer  Hame,  and  hecomcs  grey  or  opaque  after  it  has  been 
heated  in  the  inner  frame,  Ni  is  certainly  present,  and  need  not  be 
further  tested  for  in  Table  III. is.  (1028). 

The  colourless  filtrate  from  which  the  NiS  has  been  precipitated,  is 
examined  by  the  General  Table  for  Groups  IV.  and  V. 

1021.  Part  of  the  precipitate,  which  has  been  produced  by  km^QO.^, 
often  adiieres  firmly  to  the  inside  of  the  vessel  in  which  it  has  been 
jiroduced.  If  tliis  is  the  case,  the  tube  should  be  rinsed  out  several 
times  with  distilled  water,  and  the  precipitate  dissolved  by  pouring  in 
some  hot  HA  and  causing  it  to  run  over  the  inside  of  the  tube.  This 
solution  is  added  to  the  HA  solution  of  the  AmgCOs  precipitate,  which 
is  subsequently  made  for  Table  IV,  (1031). 
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1022.  TABLE  I.-SILYER  GROUP. 

Tlie  precipitate  produced  by  HCl  may  consist  of  PbCl^, 
AgCl,  and  Hg'.CU:  the  precipitate  on  the  filter  _  is  washed 
fi^e  or  six  times  .N^th  boiling  water,  the  first  portions  of  the 
■washings  being  kept  apart ; — 


The  first  portions  of  tlie 
waslungs  may  contain  I 
I'bClo  111  solution  :  if 
this  is  present  in  any 
(jiiantity,  it  will  be 
deposited  in  brilliant 
crystals  as  the  liquid 
cools. 

Test  for,  or  confirm  the 
presence  of  Pb,  by  add- 
ing to  the  washings 
KoCr04  :  a  yellow  pre- 
cipitate,readily  soluble 
in  KIIO,  shows  :— 

FrescTice  qf  Pb. 


Residue:  the  residne  is  rinsed  into  a  test-tube 
(loo  rt,  /)  and  boiled  with  AniHO,  and  the 
liciuid  is  then  filtered  :— 


Filtrate :  add  HNO3 
until  the  liquid  is 
acid  :  a  white  pre- 
cipitate, which 
unites  into  curdy 
particles  when  the 
liquid  is  shaken  or 
boiled,  shows : — 

Presence  of  Ag. 


Residue  on  the  filter  is 
black :  dry  at  a  gentle 
heat;  scrape  the  precipi- 
tate otf  the  filter,  mix 
with  some  dry  NaoCOa, 
and  heat  in  a  small 
ignition  tube  (282). 
Globules  of  Ilg  are  seen 
on  the  sides  of  the  tube, 
but  often  only  when  the 
inside  of  the  tube  is 
rubbed  with  a  rod  or 
examined  vnXh.  a  lens:— 

Presence  of  Ilg' 
(Mercurosum). 


1023.  Table    G.— Examination    of    the  Precipit.vte 

FORMED      BY     BOILING     THE      HCl     SOLUTION  WITH 

H.SOg.    (See  par.  I0I2.) 

The  precipitate  produced  by  HoSO^  may  contain  Au, 
PbSO^,  BaSO^,  and  SrSO^ ;  the  last  three  substances  are 
perfectly  white,  and  Au,  if  present,  is  therefore  usually  seen 
by  colouring  the  precipitate  brown  or  black  ;  the  Au  is  also 
usually  visible  during  precipitation  by  H2SO3,  or  after  the 
white  sulphates  have  subsided,  since  it  colours  the  hquid 
blue  by  transmitted  and  reddish  by  reflected  light. 

Ba  and  Sr  can  often  be  at  once  detected,  if  present,  by 
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taking  a  little  of  the  moist  precipitate  on  a  loop  of  platinum 
wire,  heating  it  in  the  inner  blowpipe  fiame  for  some  time, 
moistening  with  PICl,  and  examining  by  the  flame  colora- 
tion test.  A  more  trustworthy  method  of  proceeding  is  the 
following. 

Kinse  the  precipitate  into  a  small  porcelain  dish,  using  as 
little  water  as  possible  ;  dissolve  in  the  liquid  a  small  crystal 
of  PI.,T  or  add  a  few  drops  of  strong  IIA ;  then  add  AmllO 
until  it  is  just  in  excess,  and  boil  for  a  short  time ;  let  the 
liquid  stand  for  a  short  time,  and  decant  through  a  filter  : — 


Sotiition  iii.iy  con- 
taui  I'btiO^  ;  add 
IIA  in  excess, 
tlit'U  K./'rOj  ;  a 
yellow  i)reciiii- 
tato  s<ilul)lc  in 
KHO  shows  : — 

Presence  of  Pb . 


liegidxie:  pour  uiKin  the  residue  in  the  dish  a  little 
IICI  and  a  few  droi)8  of  HNO.j,  heat  to  boiling,  let 
stand,  and  decant  into  a  porcelain  dish  :— 


Solution :  boil  until  the 
smell  of  CI  is  removed; 
add  several  droi)s  of 
fresh  FeSO^  solution  ;  a 
blue  coloration  and  red- 
dish precipitate  show: — 

Presence  of  Au. 


Residue:  dry  by  gently 
heating  the  dish,  fuse 
with  fusion  mixture  on 
platinum  foil,  and  ex- 
amine the  mass  for  Ba 
and  Sr  as  directed  iii 
the  last  part  of  1017. 


hese  lines 
in  across 
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1024.  TABLE  II.-COPPER  AND 
The  precipitate  produced  by  H,S  in  the  HCl  solution,  after  having 
with  a  small  quantity  of  yellow  Am,S*,  or  with  much  lUIO  solu- 
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any  red  tumescoine  011,  jkuu.il;  huh.  0.1""=,  ,.",■> --,.1,,,  it  co,  let 
to  dryness.  Boil  off  nearly  all  the  acid,  add  a  little  dilute  H^bO^,  let 
time,  stirring  occasionally,  and  filter  :-  ^  


Residue  may  contain  HgS 
{black),  IMt.SOj  {white:) ;  Imt 
if  while,  the  absence  of  Jig 
is  not  proved. 

Eemove  the  residue  into  a 
porcelain  disli,  using  as  little 
water  as  possible;  add  alittle 
H.jT,then  AmHO  in  excess, 
boil  and  filter  :— 


Filtrate  may  contain  Bi,  Cu,  Cd  . 

Add  AmHO  iu  excess,  boil  and  filter  .— 


[Residue:  dry  on 
j  the  filter  at  a 
gentle  heat, 
I   best     in  the 
steam  oven. 
Scrape  the  dried 
rcsiduo  olf  the 
filter  (N"te  1), 
and    beat  it, 
mixert  with  dry 
Na.COs,    in  a 
small  ignition- 
tube  ;  gloljules 
of  llg  form  on 
the  sides  of  the 
tube,  which 
become  visible 
when  rul>l)P'l  or 
wliea  looked  fur 
by  a  lens  :— 
Presence  of  Hq'' 
(Mercuricum). 


Filtrate  : 
Add  HA  in 
excess.tlieu 
KoCrOi,  a 
yellow  pre- 
cipitate : — 
Presence  of 
Pb. 


Precipitate  (not 
easily  seen  in 
dark  blue  solu 
tions) :  wash 
with  hot  water, 
dissolve  olf  the 
filter  by  pouring 
upon  it  a  few 
drojis  of  boiling 
dilute  HCl,  let 
this  solution  drop 
into  a  large 
tpiantity  of  cold 
distilled  water, 
a  inilkiness  ap- 
peariuii  at  once 
or  after  stirring 
and  letting 
stand  for  some 
time,  shows  :— 
Presence  of  Bi . 


Filtrate,  if  blue,  contains  Cu:  {^ote 
2):  add  HCl  until  the  liquid  is 
acid,  then  pass  HoS  to  saturation, 
filter  and  wash  quickly,  keeping 
the  filter  covered  with  a  glass 
plate  ;  rinse  the  precipitate  into 
a  test-tube,  pour  upon  it  some 
dilute  H^S04,  boil  and  filter 
through  a  covered  filter  (note  3):— 


Note.  —  A  pre- 
cipitate produced 
by  AmHO  must 
always  be  tested 
as  above  for  Bi, 
since  Pb  and  Hg 
might  possibly  ap- 
pear here  as  white 
precipitates  and  be 
mistaken  for  Bi. 


Residue:  dissolve 
by  pouring  a 
little  boiling 
HNO3  upon  the 
filter,  add  to  the 
solution  AmHO 
in  excess,  then 
HA  in  excess 
and  a  few  drops 
of  K4FeCyG:  a 
chocolate  -  red 
precipitate 
shows  : — 
Presence  of  Cu . 


Filtrate:  add 
much  water 
and  pass  H2S 
for  some  time, 
or  add  much 
HjS-water,  a 
yellow  precipi- 
tate shows  : — 
Preseivce  of  Cd. 

Note.  — It  this 
precipitate  is 
dark  -  coloured, 
CuS  is  present 
(see  Xote  3) : 
filter  it  olf,  lioil 
it  once  more  with. 
H.,S04;  filter  and 
test  tlie  filtrate 
by  HoS  as  above, 
for  Cd . 


►  If  traces  of  Cu  have  to  be  tested  for,  Na.S  should  be  substituted  for  Am^S,  since  CiiS  is 
"  Xote  1  —If  the  residue  is  too  small  to  be  removed,  the  portion  of  the  paper 
containincr  it  may  be  cut  up  and  mixed  with  Na.,C03.  For  the  precautions 
requisite  hi  performing  this  test  refer  to  paragraph  282. 

]^T,^g  2.— Another  method  of  detecting  Cd  in  the  presence  of  Cu,  consists 
in  addin^c^  KCy  solution  to  the  blue  ammoniacal  liquid,  and  passing  H2S  ;  Cd 
if  present  falls  as  yeltow  sulphide  ;  Cu  may  then  be  tested  for  in  the  iiltrate, 
which  hns  been  boiled  dmvn  considerably  with  excess  of  HJ^Og,  by  adding 
AmHO  in  excess,  then  HA  in  excess,  and  K4reCy6  (298). 

Note  3  —Unless  this  precipitate  is  filtered  without  delay  in  a  covered  funnel, 
washed  quickly,  and  examined  at  once,  CuS  is  liable  to  be  oxidised  and  to 
pass  into  the  filtrate  as  CuSO,  ;  it  then  discolours  the  CdS  precipitate,  or  may 
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ARSENIC  GROUPS. 

been  washed  with  hot  water,  is  removed  from  the  filter  and  boiled 
tion,  and  filtered  : — 


GROUP  II. n.— ARSENIC  GROUP. 


The  filtrate  may  contain  AsoS;,,  ShoS-j,  SnS.j.  SiiS,  [Au.jSs,  Pt.S._.].    Add  to  it        until  it  is 
acid,  and  pass  ll-jS  unless  tlie  liquid  smells  strongly  ;  the  above  sulphides  if  present  will 
be  reprecipitated ;  a  mere  milkiness  due  to  precipitation  of  S  may  be  disretrarded 
(Xote  i.)  o  • 

Ttie  precipitate  is  Altered  off  and  examined  as  directed  below  (1026).   See  also  Note  5. 

1026.  The  precipitate  is  allowed  to  drain  for  some  time  upon  the  filter  in  the  funnel. 
It  is  best  tiien  to  drain  it  still  further  by  carefully  taking'  the  filter  out  of  the  funnel' 
openins  it  out,  an<l  spreadin,u;  it  upon  a  pile  of  three  or  four  cut  filter-papers.  'J'lie  pre- 
cipitate is  then  removed  to  a  small  porcelain  dish  (100,  d,  f)  and  heated  for  some  time 
nearly  to  lioiling  with  strong  fuming  IICl.    The  liquid  is  then  cooled  and  Altered  :— 


The  reaidue  will  consist  of 
As.jS.j,  which  is  almost  iii- 
soliilile  in  strong  HCl. 

Dry  the  washed  residue  on 
the  Alter  at  a  gentle  heat, 
tlien  mix  it  with  three  or 
four  times  as  much  [)ow. 
dered  KC-'y  and  freshly 
dried  Na-jUO;),  anil  heat  the 
mixture  'in  a  small  bulb- 
tube,  ren)')ving  any  dnips 
of  water  inside  the  tube  liy 
a  twisted  jiiece  of  Alter- 
paper ;  a  l)hick  mirror 
(320)  : — Pretence  nf  Ax. 
(Refer  to  Note  7.) 


A'o/f\— The  As-j?*:!  may  also 
be  dissolved  by  heating  it 
with  a  little  fnining  IIN'O;,. 
The  excess  of  IIN():jis  boiled 
off  and  As  is  detected  as 
H;;As0.i  by  adding  Ani(,'l,  ex- 
cess of  Am  IK)  and  .Nfg.SOj 
(326);  or  by  addition  of 
AgXO;-.  and  then  cautiously 
neutralising  with  AmHO 
(323)- 


The  filtrate  may  be  examined  for  Sb  aud  Sn  by 
eitlier  I.  or  II.  below  :— 
I.  Place  a  piece  of  platinum-foil  in  a  porcelain  dish  and 
pour  the  acid  tlltrate  upon  it.  tlien  touch  tiie  foil  with 
a  piece  of  Zn  ;  U  will  come  off  with  effervescence,  and 
if  either  at  once  or  after  a  few  minutes  a  black  stain 
appears  upon  the  platinum  the  presence  of  Sb  is  indi- 
cated.   Con  Arm  as  directed  in  Note  6. 

Tlie  platinum-f.iil  is  removed  and  pieces  of  Zn  are 
placed  in  the  liipiid  :  as  soon  as  the  bubbles  of  II  cease 
to  be  given  off,  Zn  still  remaining  undissolved,  remove 
the  pieces  of  Zn,  rubl)ing  and  rinsing  any  dark  deposit 
back  into  the  dish  {338) ;  let  this  deposit  settle,  decant 
the  h((iiid  and  heat  the  solid  (le|)osit  with  strong  1101 
for  several  minutes  in  a  tcst-tnl)e,  dilute  with  a  little 
water.  Alter  if  necessary,  ami  add  a  few  drops  of  H'>-Clo 
solution  :  a  white  or  grey  precipitate  (341)  indicates  :— 
J'rfnence  of  Sn  {Note  7). 

Kefer  to  1072,  1073,  if  Au  and  Pt  have  to  be  tested  for. 

II.  The  acid  Altrate  is  poured  into  a  little  hydrogen  fla^ 
(Ag.  71,  par.  316),  in  which  U  has  lieeii  coming  off  bri4l  v 
for  about  five  minutes,  being  produced  liy  the  action  of 
a  little  dilute  HUl  upon  some  pieces  of  Zii.  The  H  is 
lighted  at  tlie  jet,  and  the  inside  of  a  small  porcelain 
dish  or  crucible  lid  is  pressed  down  upon  the  flame  •  a 
l)lack  stain  which  is  not  dissolved  by  solution  of 
bleacliing-powder,  shows  ■—Preneiwe  of  Sb. 

The  residue  in  the  flask  is  tested  fur  Su,  as  directed 
in  the  latter  part  of  I.  (above).  oiiecDcu 


niewhat  soluble  in  Am.2S  ;  but  Sn"S  and  AU2S3  are  much  more  readily  soluble  in  Am2.S. 

be  entirely  overlooked  if  presejit  in  small  quantity.  It  is  well  to  pour  a  few 
drops  of  PLS  water  into  the  funnel  with  each  fre.sh  addition  of  wasliiu"  Avaler 

Note  i.— While  S  will  always  be  precipitated  here,  if  ycllnw  ainnioniuni 
sulphide  has  been  u.oed  above.  Traces  of  the  sulphides  are  detected  by  shak- 
ing up  a  part  of  the  white  liquid  with  benzene.  The  coloured  sulphide  is  seen 
at  the  surface  of  contact  of  the  benzene  with  the  acid  liquid. 

Note  5.— The  detection  of  As,  Sb,  Sn  by  the  method  given  in  1026  is 
simple  and  rapid.  It  is  excelled  in  delicacy  and  trustworthiness  by  the 
methods  given  in  paragraphs  346  and  347  ;  but  these  methods  need  not 
be  resorted  to  unless  Au  or  Pt,  or  traces  of  As,  Sb,  Sn  have  to  be  tested  for. 

Note  6.  —  Tiie  Sb  deposit  on  the  Pt  may,  after  rinsing  the  foil,  be 
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dissolved  by  heating  the  Pt  in  a  test-tube  .nth  a  ^-ttl     cry  dilu 
HNO.     On  cooling  this  solution,  diluting  it  and  pass  ng  H^S  an 
Jjr^-red  precipitate  .ill  forn.,  either  at  onee,  or  after  the  hquid  has 
stood  for  some  hours,  confirming  the  Presence  of  Sb. 

\otc  7  -The  passage  of  H,S  into  the  HCl  solution  in  the  Geneial 
T  ible  (I007)  may  have  already  indicated  by  the  colour  of  the  snlphuk 
pmip  tat7or  by  precipitation  occurring  only  on  application  of  heat, 
SI  As  and  Su  wire  originally  present  in  the  -ous  or  -zc  cond. 

W    If  this  is  not  certain,  tests  323-326  and  340-342  "uist  be  tned 

with  the  original  solution  of  the  substance. 


1027.  TABLE  III.A.-mON  GROUP. 
Tlie  precipitate  produced  by  boiling,  after  addition  of 
AmCl  and  of  AmllO  in  excess,  may  contain  Alo(ilU),, 
Cr.,(HO)„  Ee,(HO),:  the  colour  of  ^P^^^f  , 
usually  show  whether  it  contains  any  quantity  o^J^O) 
(reddish-brown),  or  Cr,(HO),  (pale  green),  since  A1,(H0),  is 

r'ifsTve  the  precipitate  in  a  Wtle  boiling  dilute  HCl 
(100  d  e,  f),  add  to  the  solution  pure  IvHO  or  ^allO  until 
the  precipitate  remains  after  the  liquid  has  been  stirred,  then 
add  KHO  or  XaHO  in  considerable  excess,  boil  for  some 
time  and  filter  : —  


1.  Filtrate  may  contain 
Al2(U0)fi  dissolved  in 
excess  of  Kali  0:  if  it 
Is  green,  Ci-o(H0)6  is 
also  in  solution  and 
must  be  precipitated 
by  further  boiling  in 
a  porcelain  dish,  and 
then  be  removed  by 
filtration. 
Add  HCl  in  slight  ex- 
cess, then  AniHO  in 
slight  excess  (103) :  a 
colourless  gelatuious 
precipitate  shows  :— 

Presence  of  Al. 


Note.  —  Sodium  and 
potassium  hydrates  are 
very  liable  to  contain 
A1o(H0)g  :  the  analyst 
must  ascertain  that 
the  Al  does  not  come 
froca  tltis  source. 


2  Precipitate  may  contain  Cr./U0)6  and  le2(HO)6. 
Dry  upon  the  filter,  carefully  avoiding  charring  the 
paper;  when  sufficiently  dried  the  substance  will 
have  shrunk  considerably  into  sinal    hard  dark- 
coloured  pieces ;  detach  these  from  the  mter  and 
fuse  them  with  a  little  solid  ^a/'pi  and  KhOj 
upon  a  piece  of  platinum  foil,  either  supported 
upon  a  pipeclay  triangle  or  held  in  the  Bunsen 
flame   by  crucible  tongs.    Continue  the  fusion 
bv  heating  the  under  surface  of  the  foil  in  the 
blowpipe  name  as  long  as  any  frotliing  occurs, 
then  allow  to  cool;  a  yellow  mass  indicates  the 
presence  of  Cr  (note  1).    Boil  the  platinum  foil 
L  a  small  porcelain  dish  with  water  until  the  sub- 
stance is  entirely  dissolved  or  only  a/l^V^k  jro"^^^^ 
Tjowder  (Fe^Os)  remains  undissolved  ;  talve  out  t  le 
foil,  allow  tlie  powder  to  settle,  and  decant  the 
liquid  thi-ough  a  filler :—   


;.  Fi7<ra<e  will  be  yellow  if 
Cr  is  present  (note  2). 
Add  HA  in  excess,sho^vn 
by  the  colour  becoming 
reddish,  boil  for  several 
minutes,  then  addPbAj 
solution;  a  yellow  pre- 
cipitate shows  :— 
Presence  of  Cr  (note  3). 


4.  Residue  in  porcelain 
dish;  dissolve  i)y  pour- 
ing in  a  little  HCl 
and  boiling,  add  some 
water,  then  a  few  drops 
of  KCyS  solution;  a 
blood -red  coloration 
shows : — 

Presence  of  Fe  (note  4). 
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Note  1.— If  Mil  was  present  in  the  original  substance,  it  is  often  pre- 
cipitated more  or  less  completely  with  the  Fe,  and  will  be  detected  by 
imparting  to  the  fused  mass  a  bluish-green  colour.  This  should  be 
noted,  as  the  Mn  may  possibly  be  entirely  precipitated  in  this  Group, 
and  will  not  then  be  detected  in  the  next  Group. 

Xote  2.— The  green  colour,  due  to  the  presence  of  ]\In,  conceals  the 
pale  yellow  colour  duo  to  Cr.  But  when  the  cool  mass  is  dissolved  iu 
water  and  the  solution  is  boiled  with  HA,  the  manganese  coloration  is 
destroyed.  The  yellow  colour  duo  to  Cr  then  becomes  evident,  after 
any  dark-coloured  precipitate  has  been  removed  by  filtration. 

Note  3.— Cr  may  have  been  present  as  a  chromic  salt,  in  which  Cr 
replaces  the  hydrogen  of  an  acid  ;  or  as  a  chromate,  in  which  Cr  is 
united  with  oxygen  to  form  an  acid-radicle.  Ascertain  in  which  state 
Cr  was  present,  by  boiling  some  of  tlie  original  substance  with  ]Sra.,C03 
solution  and  filtering.  A  yellow  filtrate,  which  after  it  has  been 
acidified  witli  HA  gives  a  yellow  precipitate  with  PbA.,  shows  that  Cr 
was  present  as  a  chromate.  If  the  Cr  was  previously  combined  with 
an  acid-radiele  as  a  chromic  salt,  it  will  remain  undissolved  as  green 
Cr(HO),;,  and  will  not  colour  the  filtrate :  it  is  found  by  2  in  the  pre- 
ceding Table.  ^ 

Xotc  4.— Fe  is  always  detected  here  as  a  ferric  salt :  since,  even  if  it 
was  originally  present  as  a  ferrous  compound,  this  will  have  been 
converted  into  a  ferric  salt,  when  the  solution  is  boiled  with  UNO3, 
before  Group  III.  a.  is  precipitated  in  the  General  Table.  In  order  to 
ascertain  in  which  condition  Fe  was  i)resent,  some  of  the  original  sub^ 
stance  is  boiled  with  HCl  in  a  special  apparatus  (figs.  40,  41,  par.  86), 
the  solution  is  filtered  if  necessary,  and  then  divided  into  two  parts! 
To  one  portion  freshly  made  solution  of  K'aFeCye  is  added  {Note,  201), 
a  dark  blue  precii)itatc  shows  the  Presence  of  Fe"  (Ferrosiom) ;  to  an- 
otlier  portion  KCyS  is  added,  a  blood-red  colour  shows  Presence  of  Fe'" 
{Ferrkxim). 


1028.  TABLE  III.B.— ZINC  GROUP. 

The  precipitate  produced  by  AnioS  in  the  sohition,  or  in 
the  liltrate  from  Group  III.a.,  may  contain  ZnS,  MnS,  NiS, 
CoS.  The  colour  of  the  precipitate  will  usually  show  whether 
it  contains  any  quantity  of  NiS  or  CoS  which  are  black,  or 
consists  only  of  MnS  (pink)  or  ZnS  (white). 

'  The  presence  0(^1  will  have  been  indicated  by  the  blue  colour  of  the 
filtrate,  which  was  obtained  after  boiling  with  AmHO  in  the  General 
Table,  and  by  the  dark  brown  colour  of  the  filtrate  which  was  obtained 
after  boiling  with  yellow  Am^S.  If  the  black  precipitate,  which  was 
obtained  by  boiling  the  dark  brown  filtrate  from  Am.,S  (1020)  has  been 
proved  by  the  borax-bead  to  be  NiS,  the  further  tests  for  Ni  in  the 
lollowing  Table  may  be  omitted. 
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Remove  the  precipitate  from  the  filter  with  cold  dilute 
HCl  in  the  way  described  in  par.  100  c;  take  out  the  paper 
and  allow  the  liquid  to  stand,  occasionally  stirrmg  it  well. 
The  precipitate  will  either  dissolve,  leaving  only  white  sul- 
phur, in  which  case  the  milky  liquid  may  be  at  once 
examined  by  1030;  or  a  black  residue  will  be  left,  which 
must  be  filtered  o(f  and  examined  by  IO29,  the  filtrate  being 
examined  by  1030. 


1029.  The  residue  is  black,  ar.d  may  contain  NiS,  CoS. 

'SS,  a";f  aitn"E.'e  SKoSm-.  '"ll^tL.i  th.  Ml.wl.s  observations  ma,  b. 

made : — 


Blue    head    in  both 
flames  shows  ;— 
Presence  oj  Co. 

Co  need  not  be  further 
tested  for,  but  if  any 
doubt  exists  as  to  the 
presence  of  Ni  the 
rest  of  tlie  residue 
must  be  examined  aa 
below. 


1 


Broivn  or  yellow  head, 
when  cold  after  fusing 
it  in  the  outer  ilauie, 
which  becomes  grey  or 
opaque  in  the  inner 
flame,  shows /Vesc7ice 
of       Absence  of  Co. 

Unless  mere  traces  of  Co 
liave  to  be  tested  for, 
no  further  examina- 
tion need  be  uuide. 


A  bead  tchich  is  neither  Ijrown 
nor  blue,  but  of  some  inter- 
mediate hue  on  cooling 
fnim  the  outer  ilame,  indi- 
cates the  probable  presence 
of  both  Co  and  ^'i. 

Examine  the  reniaiiuler  of  the 
black  residue  as  directed 
below  forXi  and  Co,  or  for 
Co  alone  if  >'i  has  been 
alrejidy  detected  by  (lozo). 


Furtker  e.a.nin.tion  of  tUe  re^-^^^^TS^^l^^'^^^^ 
dish,  using  as  little  ^^^^.^^ '^f.  Pf^^S"  ^^^^^^  KCIO  ^  unlirthe  black  residue  is 
some  time,  adding  occasionally  a  saiall^^  >         y^.n^U^^ ;  theu  boil 

entirely  dissolved  or  only  a    "'^ll  ^  f''^,^,^J'  o "  Co  ;  dilute  with  a  little 

.lown  nearly  to  dryness,  .'^  '>l"e,  slowly  until 

water,  filter  if     pessary  uito  a  bo  hng4^^^^^^^  ^^^^^  j^^.^^^e 

the  precipitate  formed  iit  fust  I'ly  alkaline  with  >aHO  and  add 

r;;iir«r;S  nSy'U  "boilint  aud  aUow\heli.uid  to  stand  at  least  tau 
niinutes,  filter*  :— 


Precipitate  (black) :  wash, 
and  confirm  the  presence  of 
\i  by  fusing  some  of  the 
precipitate,  or  the  paper 
stained  with  the  precipitate, 
in  a  borax  bead  in  the  outer 
and  inner  blowpipe  llames  : 
ahead  yelloic  when  cold, be- 
coming black  iu  the  inner 
flame  shows  :— 
Presence  of  Ni . 


Filtrate  must  be  warmed  with  more  NaOCl,  or 
Br-water,  and  filtered  from  any  additional  preci- 
pitate which  may  form,  then  evaporated  to  diy- 
fiess  and  strong  II NO,  poured  "IKm  tlie  residue 
long  as  any  frothing  is  caused;  this  is  then  eva- 
porated just  to  dryness,  the  residue  dissolved  in 
water,  excess  of  KllO  added  to  it,  aiul  any  precipi- 
tate Altered  off  and  fused  into  a  Itorax  bead,  taking 
the  paper  stained  by  the  precipitate  if  tlie  precipi- 
tate is  not  easily  removed  :  a  blue  bead  shows  .- 
Presence  of  Co . 


♦  If  this  precipitate  adheres  to  the  sides  of  he  boihng  tuhe,  it  is  d  ^ 
Bolved  after  the  liquid  has  been  emptied  out,  hy  pou™g  ^  a  little 
boilS  HCl;  from  this  solution  the  Ni  is  precipitated  by  addition  of 
KHO  and  the  precipitate  is  filtered  oil  and  tested  by  the  borax  bead 
for  Ni. 


[1030,  1032.]         TABLE  IV.— BAEIUM  GEOUP. 


iujo.  1  he  Solution  or  filtrate  may  coutiiin  Zn  Mii 

of  Krio^T,?/?"'/!-'^''  ""^'^ ^■''"'^''^^     s'""^"  0'        then  drop  in  a  small  crystnl 

Preriintcrte   is    white  at  first, 
hut  raiddly  darkens  in  tlie 
&ir.   I>'use   a   portion   of  it 
with     Solid     .\a.,C().,  ami 
KNOj   on    platinum  "foil;  a 
blnisli  green    mass     is  ob- 
tained on  coolinir,  showing : 

Presence  of  Mn . 
Kote.—Mn   may    have  been 
orii,'inally   present    either  re- 
placing ir  in  an  acid,  or  com- 
hniod   with   0    as    an  acid- 
radide.     Its  presence   in  an 
acid-radicle    is    indicated  by 
the  colonr  of  the  original  solu- 
tion,   since  in    tlie   form  of 
nianj;aiiate  it  is  green,  and  as 
liernianganate    it    is  purple; 
these    colours    disappear  on 
)oilimr  the  JICl  solution  for 
iouie  time,  or  on  passing  HaS . 

Filtrate;  pass  n^S,  a  white  precipitate  forma,  often 
somewhat  discoloured,  showing : 
Presence  of  Zn. 

tlif /nmm°™             solution  of  Zn(nO)o  in  NaHO 

o     K                   any  Z„(II0>,  which  it  holds 
in  solution  to  precipitate,  esi)ecially  if  tlio  ulkaliiiitv 
of  the  li.iuid  IS  somewhat  reduced  l.v  caution;  a  il'  n 
if  t  W  ';:.''"-"V"'/  il'^""*^-i^''>t  to  make  the  l„u    '  '  d" 
If  this  precipitate  is  separated  by  pouriiisr  the  i  ii  i 
t  rough  a  double  filter  and  is  then  .lil  ive   o  't 
mter  amljhe  sides  of  the  boiling  tube  by  a   itt  e 
SfhS-^olSrS  '-precipitated  perfectly  .hiu 

1031.  TABLE  R'. -BARIUM  GROUP. 

The  precipitate,  which  liaa  been  produced  by  Am, CO,  may 
contain  BaC03,  SrCO.^,  CaCO.3.  It  is  to  be  well  washed  with 
boiling  water.  Before  the  whole  of  the  precipitate  is  dis- 
solved off  the  filter,  much  may  usually  be  learnt  by  makin<r 
an  examination  of  the  llame-coloration,  which  is  yielded  by 
the  solution  of  a  part  of  the  precipitate  in  IICl  (1032).  Tho 
results  thus  obtained  are  afterwards  confirmed  in  tlie  wet 
way  by  par.  1033,  or  by  the  quicker  method  in  par.  1034. 

1032.  Examination  hy  Flame- Coloration.—T^ikQ  a  small 
quantity  of  the  precipitate  off  the  filter  upon  the  end'  of  a 
glass  rod,  and  dissolve  it  by  moving  the  end  of  the  rod 
about  in  several  drops  of  HCl  on  a  watch-glass;  dip  into 
this  solution  a  loop  of  platinum  wire,  which  imparts  no 
colour  to  the  flame;  then  hold  the  loop  for  some  time  in  the 
Jiunsen-flame  :  repeat  these  processes  if  the  coloration  is  not 
satisfactorily  observed  at  first.    Ca  will  impart  to  the  flame 
^  yellomsh-red  colour,  Sr  a  crimson-red,  Ba  a  yellmcish-nreen 
The  red  colorations  yielded  by  Ca  and  Sr  are  distinn4hed 
by  viewing  the  flame  through  the  indigo-prism ;  the  Ca 
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T.ese  coloration  then  appears  ainov  ^7r..n  ;vlule  the  Sr  colo^^^^^^^ 
-r  remaining  after  the  other   colorations  '^^^.^  ^'^^^^^^^^ 
"^'^r  are  apt  to  interfere  Avith  one  another  ;  but  if  at  any  time 
Resent ;  if  .  green  coloration  is  visible  without  .sn.g  the 
may  also  be  examined  by  the  spectroscope  (II3). 

1033.  Examination  in  tUe  Wet  Tl  a,  -Dissolve  the  rest 
HA    boil  the  liquid  and  pour  it  again  through  the  filter  :f 
not  'add  in  reaction,  mix  more  HA  with  ^^^^ 
thelarger  portion  (^)  ^^^^^^^^^^^^ 
refer  to  column  I.  below,  or  to  IV.  (IO34)  ; 
cipitate  then  forms  refer  to  II.  or  to  \ .  (IO34)  . 

by  III.  or  by  VI.  (I034)-  ^  ^ 

L  An  iraracdiate  ,rcci,iiatc .roclacccl^hy  CaSO,  in  the  cold,  skou>ing 
Portion  (B)  must  then  be  test'SirSr  and"  Ca  ^vluch  may  also  be  pre-. 

^  add  Am,CO, 

solution  : —   


No  precipitate  forms, 
showing  : — 

Absence  of  Sr  and 
Ca, 


A  precipitate  forms,  showing  Sr,  Ca,  or  ^oth  ol 
(hem,  to  be  present.  Add  to  the  lupid  Am,CO, 
n  excess,  filter,  reject  the  filtrate  and  dissolve- 
the  precipitate  off  the  filter  in  as  little  boilmg 
HA  as  possible  ;  pour  off  a  small  part  (C  ot 
this  solution,  reserving  the  larger  portion  (2^)., 
To  (C)  add  CaS04  solution  and  boil  :— 


No  precipitate  forms: — 

Absence  of  Sr- 
Examine  portion  [I))  for 

Ca  as  directed  at  {D) 

in  Column  IH. 


A  precipitate  forms  :- 
Presence  of  Sr. 

Examine  portion  (J 
for  Ca  as  directed,  a  ^ 
(U),  Column  IL 


1034.  BAPaUMGROUPJ 


iTAllT^XrO,  solution  to  portion  (^')  until  the  liquid  is  coloured,  be 
■       and  filter  through  a  double  filter-paper, 
n 'S^ZZol^  i-<^"^>ifa««  confirms  the  presence  of  Ba. 

For  the  examination  of  the  Filtrate  refer  to  Column  V. 
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still  appears  crimson ;  Ba  is  usually  found  by  its  coloration 
AVlien  all  three  metals  are  present  together,  their  colorations 
red  colour  is  visible  through  the  indigo-prism,  8r  is  certainly 
prism,  the  presence  of  Ba  is  proved.    The  flame-coloration 


of  the  precipitate  off  the  filter  by  pouring  in  a  little  boiling 
the  precipitate  is  not  entirely  dissolved.  If  the  solution  is 
small  portion  (^1)  of  the  solution  into  a  test-tubo,  and  put  by 
drops  of  CaS04  solution  ;  if  an  immediate  precipitate  forms 
precipitate  forms  heat  the  liquid  to  boiling,  and  if  a  pre- 
precipitate  forms  even  after  several  minutes,  test  portion  ( B) 


II.  A  precipitate  is  not  farmed  at  once  on 
the  addition  of  CaSO^,  but  appears  on 
boiling  tlie  liquid,  showing : — 

Absence  of  Ba  and  Presence  of  Sr. 

D.  Portion  (2?)  is  then  examined  for  Ca 
as  directed  below  : — 

Add  dilute  H0SO4  in  excess,  boil  and  filter, 
reject  the  precifutate  ;  add  to  the  fiUrate 
several  drops  ot  112804  and  boif  ;  if 
this  causes  any  precipitate  boil  and  filter, 
and  again  test  the  filtrate  by  addition  of 
]I„S04  and  boilinf;:  repeat  this  process 
if  necessary.  To  tlie  clear  filtrate,  which 
gives  no  further  precipitate  on  addition 
of  H2SO4  and  boiling,  add  gradually 
AmHO  until  after  mixing  the  licjuid  by 
tliorongh  stirring  or  siiaking,  it  turns  red 
litnius-pajier  blue,  then  add  Ani2C204 
.solution  and  warm  gently  ;  a  white  pre- 
cipitate, often  appearing  only  after  a 
time,  shows  : — 

Presence  of  Ca . 

(See  Note,  Column  III.) 


III.  iVo  precijntate  is  pro- 
duced by  CaSO^,  even  on 
boiling,  showing : — 

Absence  of  Pa  and  Sr,  and 
Presence  of  Ca. 

D,  Confirm  the  presence  of 
Ca  by  making  portion  {B) 
alkaline  witli  AniHO 
(103),  then  add  Am2Co04 
solution  ;  awliite  precipi- 
tate forms,  showing  : — 

Presence  of  Ca , 


Note. — Tf  mere  traces  of  Ca 
have  to  be  tested  for,  the 
filter-paper  used  in  the  ana- 
lysis must  first  be  fi'eed 
from  any  traces  of  Ca  it  may 
contain  by  wetting  it  witli 
dilute  HOl,  and  then  tho- 
roughly washing  it  with 
distilled  water,  as  described 
in  the  last  par.  of  92. 


ABLE  IV.A. 


V.  The  Solution  or  FiUrate  may  contain  Sr 
and  Ca.  Dilute  with  twice  its  volume 
of  water,  adtl  dilute  H2SU4  in  excess 
(978),  boil  and  filter. 

The  Precipitntc  is  tested  for  Sr  by  moisten- 
ing it  with  strong  HCl  and  examining 
tlie  llame-coloration  (i8o)  tiirougli  the 
indigo-prism,  or  the  spectroscope. 

The  Filtrate  is  examined  by  Column  VI. 


VI.  The  Solution  or  Filtrate 
niay  contain  Ca.  Add 
AmOH  in  excess,  then 
add  Am.jCjOj,  iind  allow 
to  stand  :  a  white  pre- 
cipitate :  — 
Presence  of  Ca. 
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1035.  TABLE  V.-POTASSIUM  GROUP. 
The  filtrate,  which  remains  after  all  the  Group-reagents 
have  been  added  in  succession  to  the  original  solution,  may 
still  contain  Mg,  K,  ]S^a,  and  NH,.  Since,  however,  Is  H, 
salts  have  been  added  as  Group-reagents,  NH,  must  be  tested 
for  in  the  original  substance  by  KHO  solution  (989,  I,  <5)- 
Proceed  to  examine  for  other  members  of  Group  V.  as  is 

directed  below. 

Evaporate  the  filtrate  from  Group  IV.  to  dryness  m  a 
porcelain  dish,  scrape  out  the  solid  residue,  and  heat  it  to 
redness  upon  a  piece  of  platinum  foil  in  the  Bunsen-flame,  as 
lonct  as  any  white  fumes  are  seen  to  be  given  off  when  the 
foiHs  removed  for  an  instant  from  the  flame  (Note  1).  All 
NH,  compounds  are  thus  entirely  removed.  If  any  residue 
remains  (Xote  2),  it  is  dissolved  by  boiling  the  foil  m  a  test- 
tube  with  a  small  quantity  of  water,  to  which  several  drops 
of  dilute  HCl  have  been  added.  Divide  this  solution  into 
two  parts  : —  


Examination  for  Mg. 

Before  testing  for  Mg  in 
one  i)ortion  of  tliis  solu- 
tion, it  is  necessary  to 
remove  from  it  any  traces 
of  lia,  Sr,  or  <Ja  -wliicli 
it  may  possibly  contain,* 
and  which  might  else  be 
mistaken  for  Mg. 

Add,   therefore,  several 
drops  of  II2SO4  to  the 
liiiuid,  boil  for  a  short 
time  and  let  stand  ;  then, 
whether   a  precipitate 
has  formed  or  not,  add 
a    little    AmCl,  then 
AmHO  in  excess,  then 
several  drops  of  Am2Co04, 
and  warm  gently  ;  if  any 
precipitate  has  formed 
proceed  to  filter  at  once 
as  quickly  as  possible. 
To  the  liquid,  in  wliich 
the  addition  of  HoS()4, 
AmCl,  AmllO  in  excess 
and  AmoC.,04  causes  no 
further  precipitate,  add 
NaoiirOj,  and  if  no  pre- 
cipitate forms  at  once 
warm  gently,  shake  or 
stir  the  liquid  violently 
and  let  it  stand  for  some 
time :  a  white  crystal- 
line precipitate  shows  :— 
Presence  of  Mg . 

L 


Examination  fou  K  and  Na . 

In  the  other  portion  proceed  to  test  for  K  and  Na 
as  directed  below.  The  presence  of  Mg  m  no 
way  interferes  with  the  detection  of  K  and  A  a, 
and  hence  if  ilg  has  been  detected  its  removal 
is  unnecessary. 

Flame  coloration.— T)\v  into  the  solution  a  loop 
of  platinum  wire  which  has  been  proved  not 
to  impart  any  colour  to  the  Hamc.  Hold  the 
loop  in  the  linnsen  llame ;  one  of  the  follow- 
ing results  will  be  oljserved  :— 


A  bright  yellow  flame  color- 
ation, indicating  thaprescnce 
of  A'a  (Note  3). 

Examine  this  coloration 
through  the  indigo-prism ; 
if  it  appears  red,  ^wsCTice 
of  K  is  proved  :  if  no  red 
colour  is  visible  K  is  probably 
absent,  or  is  present  only  in 
very  minute  quantity. 


A  pale  lilac, 
coloration,  ap- 
pearing crimson 
red  tlirough  the 
indigo-prism, 
shows : — 
Presence  ofK, 
^and  absence  of  A'a 


It  is  usual  to  confirm  the  results  of  the  examina- 
tion of  the  llame  coloration  by  pouring  the 
remainder  of  the  solution  upon  a  watch  glass, 
addinu'  to  it  several  drops  of  I'tCU  (Note  4) 
and  stirring  well  for  some  time  ;  the  formalion 
of  a  yellow  precipitate  shows  :— 
Presence  of  K. 

See  (141),  and  Kote  5,  belo-w. 


Traces  of  Ba,  Sr,  Ca  may  remain  unprecipitated  by  Am^CO^. 
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Note  1. — If  the  residue  is  small  in  amount,  it  may  be  ignited  in  the 
dish  ;  but  this  is  not  to  be  generally  recommended,  since  tlie  porcelain 
dish  is  liable  to  bo  cracked  by  the  heat,  and  it  is  also  diliicult  to  get 
entirely  rid  of  the  NH^  salts  by  heating  the  residue  in  porcelain. 

Note  2. — It  is  not  safe  to  place  much  reliance  upon  an  examination 
<if  the  foil  for  the  detectiou  of  a  small  ((uantity  of  residue,  but  it  may 
usually  be  detected  by  producing  a  crackling  noise  while  the  foil  is 
cooling  immediately  after  its  removal  ironi  the  ilame.  Sliould  there 
be  any  doubt,  the  foil  must  be  boiled  with  water  and  a  drop  of  IICl, 
and  the  solution  examined  for  Mg,  K,  and  Na,  as  is  directed  above, 

i\'o/«  3. —The  examination  of  this  flame-coloration  by  means  of  the 
spectroscope  (113)  will  naturally  suggest  itself, 

A  yellow  coloration,  more  or  less  intense,  will  almost  always  be  ob- 
tained liere,  since  most  substances  and  reagents  contain  small  quanti- 
ties of  Na.  Hence  the  student  must  note  the  intensity  of  the  colora- 
tion, and  judge  from  it  whether  the  (piantity  of  Na  is  small  or  large. 
The  test  for  a  trace  of  Na  is  usually  made  uiion  the  original  substance. 

Note  4.— If  iodine  is  present,  PtCl^  will  ].roduce  an  intense  red 
coloration.  Hence  if  iodine  is  suspected  to  be  present,  the  above 
solution  should  be  evaporated  to  dryness  with  a  little  strong  HNO3, 
and  the  residue  dissolved  in  a  few  drops  of  dilute  HCl  before  it  is  tested 
for  K  with  PtCi4.  Tiiis  is  of  course  unnecessary,  if  the  solution  has 
already  been  evaporated  to  dryness  with  HNO3  before  precipitating 
tiroup  III.  in  the  General  Table.  In  case  of  uncertainty,  add  PtCl4  to 
a  drop  only  of  the  above  solution  ;  and  if  iodine  is  found  to  be  present, 
proceed  as  is  directed  above. 

Xotc  5,— Mere  traces  of  K  and  Na  may  be  detected  by  adding 
PtCl^,  and  then  evaporating  the  liquid  to  dryness  in  a  porcelain  dish 
upon  a  water-bath,  Ab.solute  alcohol  is  then  poured  into  the  dish  and 
stirred.  Any  yellow  residue  shows  the  Presence  of  K.  The  solution 
will  give  the  pure  Na  coloration,  if  Na  is  present  :  and  if  the  yellow 
residue  is  hltered  oif  and  washed  with  absolute  alcohol,  it  will  yield  the 
pure  lilac  flame-coloration  of  K. 


Examination  for  the  Barer  Metals,  and  for 
Organic  Substances. 

1037.  The  Systematic  Examination  for  the  more  com- 
monly occurring  metals  is  now  complete.    If  the  Rarer 
jMetals  have  to  be  looked  for,  attention  must  be  paid  to  the 
special  Tables  given  in  paragraphs  1090,  IO91. 
of  Oi  »^niiic 

Substances  is  provided  for  in 

paragraphs  1092,  et  seq. 
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1038.  TABLE  OF  SOLUBILITY. 

A  blank  signifies  that  the  solubility  is  unknown  or  unimportant. 


I 


Oxide  . 

Sulphide 

Chloride 

Iodide  . 

Sulphate 

Isitrate 

Phosphate 

Carbonate 

Borate  . 

Arsenite 

Arsenate 

Chromate 

Fluoride 

Oxalate 


Jv. 


Xa. 


w. 
w. 
w. 
w. 
w. 
vv. 
w. 
w. 
w. 
\v. 
w. 
w. 
w. 
w. 


Am.Mg. 


w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 


a. 

w-a. 
w. 
w. 
w. 
\v. 
a. 
a. 
a. 
a. 
a. 
w. 
a. 
a. 


Ba. 


w. 
w. 
w. 
w. 

1. 
w. 

a. 

a. 

a. 

a. 

a. 

a. 
a-i. 

a. 


Sr. 


w. 
w. 
w. 
w. 
i. 
w. 
a. 
a. 
a. 
a. 
a. 
a. 
1. 
a. 


Ca. 

Fe". 

Fe'". 

Al. 

Cr. 

-.1 

Zn. 

Mn. 

Co. 

w-a. 

a. 

a. 

a.i. 

a.i. 

a. 

a. 

a. 

a. 

w-a. 

am. 

a. 

a. 

a. 

w. 

w. 

w. 

w. 

a.i. 

w. 

w. 

AV, 

W. 

w. 

w. 

w. 

w. 

w. 

w-a™-  -i. 

w. 

w. 

w. 

w.a. 

w. 

w. 

W. 

W. 

w. 

w. 

w. 

w. 

w. 

w. 

w. 

W. 

W. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

w. 

a. 

a. 

w. 

i. 

a. 

a-i. 

a. 

a. 

a. 

a. 

w-a. 

a. 

w-a. 

a. 

a. 

Oxide  . 

Sulphide 

Chloride 

Iodide  . 

Sulphate 

Nitrate 

Phosphate 

Carbonate 

Borate  . 

Arsenite 

Arsenate 

Chromate 

Fluoride 

Oxalate 


Ilg". 


rb. 


a. 

a°- 

a. 

a. 

an. 

a"- 

a° 

W. 

w.i. 

w.b. 

w. 

a. 

w.a'"- 

V.-.U. 

a.i. 

w.b. 

w. 

w.b 

w. 

w.b. 

w. 

a. 

a"- 

a. 

a. 

a"- 

a. 

a. 

a'- 

a. 

a. 

a. 

a"- 

a. 

a. 

a. 

a"- 

a. 

w-a. 

a"  i. 

a. 

w. 

w. 

a. 

7. 

a. 

a. 

a. 

Ei. 


Cti. 


Cd. 


a. 
•a. 
w. 
w. 
vr. 
w. 
a. 
a. 
w.a. 


a. 


Sh. 


Sn". 


Sn" 


am. 
am- 
w.b. 

a. 


a. 
a. 
a. 


a. 
a'"' 
w.b. 

w. 

w. 

a. 
a. 


a.i. 
a'" 
w. 
w. 
w.b. 
w. 


As" 


w.a"' 
a". 
w. 


nj'. 


an. 
a", 
i. 
i. 
w.a"- 
w. 
a"- 
an. 

an. 
an. 
an. 
w. 
a. 


an. 
a"- 
a.i. 
an. 

w.l).a"- 
w.b. 
an. 
an. 

w. 

an. 
an. 
an. 

a. 


Refer 
letters 


to  par.  1040. 


The  solubility  of  a  compound  is  denoted  by 


\\\ 
a. 
a'"- 

,  iiin. 

i. 

w.a. 


w-a. 


w.b. 


Signifies  soluble  in  water. 

Soluble  in  the  acids  HCl,  HNO3,  and  aqua  regia. 
Soluble  in  muriatic,  or  hydrochloi  ic  acid. 
Soluble  in  nitric  acid. 

Soluble  in  a  mixture  of  muriatic  and  nitric  acids,  or  aqua  rtgin, 
but  not  in  either  acid  separately. 
Insoluble  in  water  and  in  acids. 

Letters  thus  placed  together,  with  a  stop  between  them,  signify 
that  in  different  states  the  substance  shows  the  different  solu- 
bilities denoted  by  the  letters. 

Letters  connected  by  a  hyphen  indicate  that  the  substance  is 
only  slightly  soluble  in  the  first  solvent,  and  may  therefore 
partially  fall  under  the  class  denoted  by  the  second  letter. 

Decomposed  more  or  less  by  much  water  with  formation  of  a 
basic  salt,  which  is  insoluble  in  water  but  soluble  in  acid. 


[lC39, 1040.]      EXAMINATION  FOR  ACID-KADICLES. 


EXAMINATION  FOR  ACID-RADICLES. 


IXTKODUCTORY  EeMARKS. 

1039.  I'l  conducting  the  Examination  for  Acid-radicles, 
much  time  and  trouble  may  usually  be  saved,  by  considering 
which  of  these  radicles  can  possibly  be  present.  The  pre- 
ceding examination  will  usually  have  limited  the  number 
considerably  (1041);  but  it  may  be  further  reduced  by  a 
consideration  of  the  metals  present,  and  of  the  solubility  of 
the  substance  under  analysis,  aided  by  a  reference  to  the 
Table  of  Solubility  (1038). 

1040.  Table  of  Solubility.— The  Table  on  the  preceding 
page  has  been  drawn  out  to  assist  the  analyst  in  the  above 
consideration. 

Only  commonly  occurring  compounds  are  contained  in  this 
table  ;  the  solubility  of  other  substances  may  be  obtained  by 
reference  to  a  Dictionary  of  Soluhililics. 

The  Table  is  thus  arranged.  In  a  horizontal  line  at  tlie 
head  are  placed  the  symbols  of  the  more  commonly  occur- 
ring metals,  which  yield  salts  or  basic  oxides.  In  the  vertical 
column  on  the  left  is  a  list  of  that  portion  of  the  names  of  the 
compounds  of  these  metals,  which  corresponds  to  the  acid- 
radicle. 

To  find  the  Soluhilitjj  of  a  Compound  of  any  one  of  the 
metals  which  are  placed  at  the  top  of  the  Table,  glance  down 
the  vertical  column  which  is  headed  by  the  metal.  The 
letter  which  indicates  the  solubility  of  the  compound  will  be 
found  in  a  horizontal  line  with  the  acid-radicle  portion  of  the 
name  of  the  compound.  Thus,  in  order  to  find  the  solu- 
bility of  zinc  sulphate,  it  is  only  necessary  to  glance  down 
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the  vertical  column  with  Zn  at  its  head  :  on  a  horizontal  Ihie 
with  mlxj-ltate  stands  the  letter  'W\  this  indicates  that  zinc 
sulphate  is  soluble  in  water. 

Tlie  Way  in  ichJcli  this  Tahle  is  used,  after  the  solubility  of 
the  substance  under  analysis  has  been  ascertained,  and  after 
the  metals  which  it  contains  have  been  detected,  may  be 
explained  by  an  example. 

In  a  substance,  ichich  was  entirely  soluhle  in  water,  the 
metals  K,  Ba,  Ag  were  found.  A  glance  down  the  columns, 
headed  by  these  three  metals,  shows  at  once  which  acid- 
radicles  may  be  present. 

All  acid-radicles  might  be  present  combined  with  K,  since 
all  its  salts  are  soluble  in  water.  But  the  presence  of  Ba  in 
a  substance  which  is  soluble  in  water,  shows  that  SO4,  PO4, 
COo,  BO3,  AsO^,  CrO^,  and  Y  cannot  be  present ;  since  these 
acid-radicles  form  compounds  with  Ba  which  are  insoluble  in 
water.  Ag  excludes  in  addition  S,  CI,  Br,  and  I.  Hence, 
of  the  more  commonly  occurring  acid-radicles,  IsO.^  only  need 
be  tested  for. 

This  example  shows  how  much  the  examination  for  acid- 
radicles  may  often  be  simphfied,  when  the  metals  which  are 
present  in  a  substance  and  the  solubility  of  the  substance  are 
known. 

1041.  Several  Acid-radicles  will  probably  have  been 
satisfactorily  tested  for  in  the  Preliminary  Examinations. 
In  case  their  reactions  have  been  interfered  with  by  the 
presence  of  other  substances,  the  analyst  should  refer  to  the 
reactions  for  acid-radicles  in  the  Fourth  Section,  and  select 
one  which  will  be  decisive. 

The   Examination  for  Metals  may  also  have  yielded 
proof  of  the  presence  of  certain  acid-radicles.    Thus  :— 

A  green  alkaline  solution,  becom- 
ing purple  when  it  is  diluted  or 
acidified,  shows         .       .       •    Presence  of  {MiiO,)" 
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A  reddish-yellow  solution,  becoming 
green  and  depositing  sulphur 
when  HoS  is  passed,  shows  . 

A  purple  solution,  becoming  colour- 
less with  II.,S,  shows  . 

A  yellow  precipitate  of  As^S^  with 
IIoSj,  which  appears  only  when  the 
liqftid  is  boiled,  shows 

An  insoluble  residue  of  SiO^,  after 
the  filtrate  from  the  H^S  group 
has  been  evaporated  to  dryness, 
shows 

•  •  •  , 

And  a  yellow  precipitate  obtained 
with  AmlDIoO^,  before  precipi- 
tating Group  nr.,  shows 


Presence  of  {CrO^)" 
Presence  of  (MnOJ 

Presence  of  (AsO^)"' 


Presence  of  (SiO.^)' 


.    Presc7ice  of  (POJ" 

If  tlie  presence  of  any  of  these  acid-radicles  has  been 
detected  in  the  above  manner,  it  will  require  no  further 
confirmation. 

Of  the  Acid-radicles  which  remain  to  be  tested  for,  some 
can  be  detected  by  the  plan  drawn  out  in  paragraphs  1042- 
1047;  others  are  most  easily  found  by  applying  special  tests 
to  the  original  substance  (1048-IO56). 


GEXERAL  EXA]\riXATIO>^  FOR  AGID-RADICLES. 

1042.  Removal  of  Metals.— Before  the  following  tests 
are  applied,  it  is  advisable  to  remove  from  the  substance  any 
metals,  other  than  X,  Xa,  and  XH„  which  it  may  contain, 
since  some  of  these  might  be  precipitated  by  the  reagents 
which  are  added  for  the  detection  of  the  acid-radicles.  If 
alkali-metals  alone  are  present,  this  separation  is  unnecessary, 
since  they  are  not  precipitated  by  any  of  the  reagents. 

This  removal  of  the  metals  may  usually  be  effected  by 
boiling  a  portion  of  the  finely-powdered  substance  with  pure 
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KaXOg  solution,  .vhicli  must  be  added  to  the  clear  solution 
as  long  as  it  causes  any  precipitate.  The  precipitated  car- 
bonates  are  then  removed  by  filtration,  and  the  clear  filtrate 
is  divided  into  five  equal  portions.  One  of  these  portions  is 
reserved  in  case  of  accident,  and  a  second  is  kept  for  the  tests 
for  organic  acid-radicles.  The  other  three  portions  are  acidi- 
fied, while  they  are  hot,  by  the  addition  of  HCl,  HNO3,  and 
HA  respectively ;  they  are  then  examined  as  is  directed  below, 
a  separate  part  being  used  for  each  test. 

104-?  Some  Metals  cannot  be  Completely  Precipitated  as  Car- 
bonates by  boiling  the  substance  ^vitll  Na.COa  solution  :  the  presence 
of  these  metals  in  the  solution  is,  however,  frequently  of  no  couse- 
nuence.  If  they  must  be  precipitated,  the  addition  of  Am^S  or  the 
passage  of  H,S,  will  usually  separate  them  as  insoluble  sulphides  ;  but 
the  subsequent  separation  of  the  excess  of  Am^S  or  H^S,  by  gently 
warming  the  solution,  is  troublesome.  ,    .     ,   ,      ^  . 

Since  the  analyst  knows  at  this  stage  of  the  analysis  what  metals 
are  present,  it  should  not  be  difficult  to  separate  them,  or  to  allow  for 
their  presence  while  the  tests  for  acid-radicles  are  being  tried. 


Special  Tests  for  Acid-eadicles  in  Solution. 

1044.  The  Three  clear  Acidified  Portions  of  the  Filtrate, 
obtained  by  boihng  the  substance  with  sodium  carbonate  solu- 
tion (IO42),  are  tested  by  paragraphs  I045-I047-  I'urther 
special  tests  (1048-IO56)  are  then  tried,  if  necessary. 

Some  general  tests  for  organic  acid-radicles  will  be  found 
in  paragraphs  IIO3-IIO6. 


I.  Portion  acidified  with  IICl. 


Present, 


On  addition  of  BaClj  solution  a  white  precipitate  in- ) 

soluble  on  boiling  (Aote  1)  ' 

On  addition  of  BaCl^  solution,  a  semi-transparent ) 

precipitate  insoluble  on  boiling  (.\vte  -2)  .  .  I 
On  addition  of  AniCI  and  AmjCO,,  a  semi-trans- 1 

parent  precipitate  '  1 

On  addition  of  reS04  solution,  a  dark  blue  precipitate 
On  addition  of  Fe.Ch  solution,  a  dark  blue  precipi- ) 

tate :  FeS04  yielding  a  light  blue  precipitate  .  ) 
On  addition  of  rebels  solution,  a  red  coloration, ) 

destroyed  by  pouring  into  HgCl^  solution      .      . ) 


(SO4)" 

(SiFc)" 

(SiOs)" 

(FeCy«y" 

(FeCys)" 

(CyS)' 
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* 

11.  Furtwn  acLUijiedwUh  lljSO^.  Itefer  to  (iVoit' a;. 

J'resciU. 

On  addition  of  AgXOs,  a  pure  white  precipitate,^ 
easily  soluble  ill  Am  LIU  u^'i'-';  1)     .      .      .  .) 

cr 

On  addition  of  AgXOs,  a  Ivjht  yellow  precipitate,) 
with  diillculty  soluble  in  AnillU     .      .  . 

On  addition  of  AgNOj,  a  yellow  precipitate,  almost) 

I' 

Refer  to  (Sole  4.) 

1047. 

III.  Portion  acidified  with  IIA 

Present. 

On  addition  of  PbA,  solution  a  yellow) 
precii)itate  (Sote  i>)  ) 

On  addition  of  CaCl,  solution  a  white  gela-) 
tinous  precipitate  ; 

On  addition  of  CaCl^  a  white  pulverulent) 

On  addition  of  FeoClg  a  yellowish  white  pre-) 
cipitate  (1052,  1.^53;  f 

(CrO^)" 
F«,  probably, 
(C2O4)",  probably. 
(V0^)"',  or(A=04y". 

Notes  ox  the  I'RF.cEDixa  Table, 

Note  1.  Unless  the  NiioCO^  .solution,  which  was  used  in  preparing 
the  solution  for  these  tests,  was  pure,  (SO4)  and  (CI),  if  detected,  may 
have  been  present  onlj'  as  impurities  in  the  NaaCOy  and  not  in  the 
original  substance  ;  portions  of  the  original  substance  should  then  be 
tested  by  paragraphs  1048  and  1049. 

Note  2.  The  presence  of  (SiFg)  slionld  be  confirmed  by  adding  KCl 
to  another  part  of  the  solution  (6ll),  or  by  lieating  tlie  BaSiF^  prt;- 
cipitate  or  the  original  substance  with  strong  H.^SO^  (612). 

Note  3.  If  AgNOj  yields  a  black  precipitate,  tliis  proves  the  pre- 
sence of  a  sulphide,  or  possibly  of  a  thiosulpliate.  Add  HNO3  and 
boil  ;  tlie  black  AggS  will  thus  bo  decomposed,  leaving  a  milky  liquid, 
in  wliich  any  other  precipitate  is  readily  seen  after  it  has  been 
coagulated  by  heating  or  shaking  tiie  liquid. 

Note  4.  It  must  be  remembered  that  (Cy),  (FeCyJ^',  (FeCy,.,)'",  and 
(CyS)  are  also  precipitated  by  AgNOjj.  Accordingly,  if  llicse  acid- 
radicles  have  been  already  found,  a  precipitate  produced  by  AgNO., 
does  not  prove  the  presence  of  (CI),  (Br),  or  (I).  These  acid-radicles 
must  therefore  be  specially  examined  for,  as  is  directed  below. 

If  chloride,  bromide,  and  iodide  have  all  to  be  tested  for,  a  portion 


*  F  will  be  readily  detected  in  this  precipitate,  or  better  in  the 
original  substance,  by  paragraph  1055. 


382       ANALYSIS  OF  A  COMPLEX  SUBSTANCE,    [l 048-1052.] 


of  the  N'noCOs  solution  must  be  examiiiecl  by  paragraph  57^  or  573  ;  or 
the  preeifiitate  obtained  by  AgNG-j  (1046)  niay  be  tested  by  paragrapli 
571  for  CI,  Br,  I.  If  only  bromide  and  iodide  are  to  be  tested  for,  use 
paragraph  574. 

Note  5.  If  a  white  precipitate  of  PbSO^  is  produced  here,  it  inny 
be  dissolved  by  adding  AniHO  in  excess  and  warming  the  liquid  (286)  ; 
red  basic  lead  chromate  will  remain,  if  a  chromate  was  present. 


Further  Special  Tests  for  Acid-Radicles. 

1048.  Sulphate. — A  portion  of  the  original  substance  is 
boiled  with  IICl,  and  the  liquid  is  decanted  or  fdtered,  if 
necessary,  and  is  tested  with  BaClgj  a  white  precipitate 
shows  the  Presence  of  SO^. 

1049.  Chloride. — A  portion  of  the  original  substance  is 
warmed  with  IINOg,  and  the  solution  is  decanted  or  filtered, 
if  necessary,  and  is  tested  by  AgNOgj  perfectly  irhite  pre- 
cipitate, which  is  easily  soluble  in  warm  AmllO,  shows  the 
Presence  of  Chloride. 

1050.  Nitrate. — The  clear  aqueous  solution  or  extract  of 
the  substance  is  mixed  with  its  own  volume  of  strong  H^SO^, 
and  the  liquid  is  cooled.  Freshly-made  cold  solution  of 
FeSO^  is  poured  upon  the  surface  of  the  acid  liquid  without 
mixing;  a  brown  layer  or  ring  at  the  surface  of  contact  of 
the  liquids  (537)  shows  the  Presence  of  iVOg. 

Note, — If  nitrite  is  present,  it  must  be  removed  by  boiling  the  sub- 
stance with  excess  of  HA  before  the  above  test  is  applied. 

1051.  Cyanide,  if  present,  will  have  been  detected  by  the 
special  test  (983),  and  by  the  smell  of  bitter  almonds,  given 
off  by  the  substance  after  HoSO^  has  been  added  (997,  Exp. 
1).  Ascertain  in  what  form  cyanogen  is  present  by  para- 
graph 1084. 

1052.  Arsenate. — This  acid-radicle  cannot  be  present 
unless  As  has  been  detected  during  the  examination  for 
metals.    The  presence  of  (AsO^)  is  rendered  probable,  by  the 
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precipitation  of  yellow  As.^S.j  occurring  only  when  the  acid 
liquid  is  boiled  after  it  has  been  saturated  with  JIS  (1016). 

If  As  has  been  found  amongst  the  metals,  proceed  to  test 
for  (AsO^)  by  adding  IICI  to  a  portion  of  the  Na.jCOy  solution 
(1042)  until  it  is  acid,  then  heating  to  expel  CO.,,  and  adding 
AmCl,  AmllO  in  excess,  and  MgSO^.  Filter  off  any  pre- 
cipitate which  forms  on  warming  and  shaking  the  liquid,  and 
l>our  a  few  drops  of  AgXOg  solution  upon  the  white  pre- 
cipitate on  the  filter;  a  change  of  colour  to  brown  shows  the 
Presence  of  AsO^. 

1053.  Phosphate.— Eoil  some  of  the  original  substance 
with  dilute  HXO3,  and  add  a  little  of  the  clear  solution  to 
some  AmllMoO^  solution.  Shake  and  stir  the  liquid  well ; 
and  if  no  precipitate  forms,  warm  very  gently;  a  yellow 
precipitate  shows  the  Presence  of  PO^. 

If  AsOj  has  been  detected  (1052)  the  above  test  for  PO4  is  only 
trustworthy  wlien  tlio  yellow  precipitate  has  been  obtained  either  in 
the  cold,  or  by  employing  a  very  gentle  heat.  If  any  doubt  is  felt  con- 
cerning the  presence  of  r04,  boil  some  of  the  substance  with  HoSOg 
solution  (loil),  and  examine  for  PO4  after  the  AsOj  has  been  entirely 
separated  by  passing  ILS  into  the  boiling  IICI  solution.  A  precipitate 
which  has  been  obtained  with  AniHMo04  may  be  proved  to  contain 
jihosphate  by  dissolving  it  in  AmHO,  adding  AmCl  and  MgSOj,  filter- 
ing, and  dropping  AgNO..j  solution  upon  the  precipitate  ;  if  phosphate 
is  present  the  white  precipitate  turns  yellow,  if  arsenate  is  present  the 
precipitate  becomes  hrown. 

1054.  Borate.— Warm  a  portion  of  the  substance  with  a 
little  dilute  HCl ;  dip  into  the  solution  a  strip  of  turmeric- 
paper,  and  dry  the  paper  in  a  steam-oven  or  at  a  gentle  heat. 
The  change  of  colour  of  the  turmeric  to  reddif<h-bro/im,  wliich 
becomes  Uue-black  when  the  paper  is  moistened  with  AmllO 
shows  the  Presence  of  DOy 

1055.  Fluoride.— Pour  upon  a  portion  of  tlie  powdered 
substance,  contained  in  a  leaden  cup  or  in  a  platinum  crucible 
some  strong  H^SO^.  Coat  a  watch-glass  with  a  film  of  paraffin 
wax,  and  trace  some  lines  through  the  film  with  the  point  of 
a  penknife.  Place  the  watch-glass  as  a  cover  upon  the 
metal  vessel,  and  gently  warm  the  vessel  for  about  ten 
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minutes.  Then  remove  the  wax.  If  the  lines  which  were 
traced  are  etched  upon  the  glass  (6o6),  the  Presence  of  F  is 
slioim. 

If  SiOo  is  known  to  be  present  (984),  the  test  for  fluoride 
must  be  made  by  conducting  the  gas,  which  is  evolved  when 
the  substance  is  heated  with  strong  HoSiO^,  into  dilute 
AmliO ;  a  deposit  of  gelatinous  H^SiO^  proves  the  Presence 
of  F. 

1056.  Sulphide. — If  the  presence  of  sulphide  has  been 
indicated  by  the  tests  in  992,  997,  and  999,  or  if  the  presence 
of  a  sulphide  is  suspected  and  these  tests  have  not  indicated  its 
presence,  the  substance  may  be  boiled  with  KHO  for  some 
time,  and  alicaline  PbA.2  solution  may  be  added  to  the  clear 
liquid ;  the  appearance  of  a  black  precipitate  or  coloratioii- 
indicates  the  Presence  of  Sulphide. 


Special  Processes  op  Examination. 

1057.  This  concludes  the  ordinary  methods  of  examining 
a  soluble  substance.  The  remaining  paragraphs  of  this  Section 
treat  of  the  special  processes  which  are  sometimes  necessary 
for  the  analysis  of  Group  III.  (IO58-IO66),  and  processes  for 
the  analysis  of  Metallic  Substances  (1067-IO73),  of  insoluble 
Bodies  (1074-IO79),  of  Sihcates  (1080-IO82),  and  of 
Cyanogen  compounds  (1083-IO89). 

Tables  are  also  appended  indicating  where  the  Rarer 
Elements  are  detected  in  an  ordinary  analysis  (1090,  IO91). 

A  special  scheme  for  analysing  Organic  Substances  is  also 
inserted  (1092-IIO6). 

A  list  of  commonly  occurring  Minerals,  with  their  chemical 
formulce,  Avill  be  found  in  paragraph  1 172. 
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REMARKS  ON  THE  PHECIPITATIOX  OF 

GROUP  nr. 

1058.  Separation  of  Groups  III.a.  and  III.jj. — In  the 

( leneral  Table  (1007)  it  is  assumed  that,  in  the  al^sence 
of  phosphate,  the  two  Sub-groups  III.a.  and  III.b.  can  be 
separated  from  oue  another  by  adding  first  AmCl  and  then 
excess  of  AmtlO  to  the  sohition.  It  is  assumed  that  Oroup 
III.a.  alone  will  be  thus  precipitated,  and  that  (Iroup  III.B. 
will  l)e  afterwards  precipitated  by  adding  Am^S  to  the  filtrate. 

It  is  true  that  AmCl  entirely  prevents  the  precipitation  of 
(Iroup  III.B.  by  AmHO,  if  certain  other  metals  are  absent, 
and  if  the  solution  is  kept  covered  from  the  air.  But  the 
members  of  Oroup  III.A.,  if  they  are  present  in  the  solution 
with  those  of  Oroup  III.B.,  are  precipitated  l^y  AmHO ;  and 
the  presence  of  AmCl  will  not  prevent  Mn  and  Zn  from 
being  partially  precipitated  with  them.  Small  amounts  of 
.Mn  and  Zn  are  frequently  precijutated  in  this  way,  especi- 
ally with  Fe  in  ( Iroup  III.a. 

Hence  if  Mn  or  Zn  is  present  in  small  quantity  only,  it 
may  be  entirely  precipitated  in  Ciroup  III.a.  Mn  is  readily 
detected  in  the  ordinary  examination  of  this  precipitate  by 
Table  1 1  I.a.,  since  it  yields  a  (jreen  mass  with  fused  Na.,CO.{ 
and  KNO3.  But  if  Zn  has  been  entirely  precipitated  in 
(Iroup  III.A.,  its  presence  will  certainly  not  be  detected  in 
Table  III.a.,  and  it  may  be  altogether  overlooked. 

1059.  The  method  of  dissolving  the  ( iroup  III.a.  precipi- 
tate in  HCl,  and  reprecipitating  it  witli  AmHO,  to  some 
extent  meets  this  ditliculty,  especially  if  these  processes  are 
repeated  several  times  in  succession.  But  when  a  precipi- 
tate is  obtained  in  ( Iroup  III.a.,  and  traces  of  Mn,  and  more 
particularly  of  Zn,  have  to  be  tested  for,  it  is  preferable  to 
precipitate  (Iroiips  III.a.  and  III.b.  together,  by  adding 
AmCl,  AmHO,  and  Am.^S,  in  succession,  and  boiling.  This 
precipitate  is  then  examined  for  Oroups  III.a.  and  III.b.  by 

2  B 
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Table  III.c  (IO63),  or  Table  Ill.u.  (1064) ;  and  the  filtrate 
is  examined  for  (Iroups  IV.  and  V.  according  to  the  direc- 
tions in  the  General  Table  (1007)- 

It  must  be  understood  that,  if  no  precipitate  is  produced 
by  the  addition  of  AmCl  and  AmHO,  Am^S  may  be  added 
at  once.  Any  precipitate,  which  is  formed,  is  then  examined 
hj  Table  III.b.  ;  since  in  the  absence  of  Group  III. a.  the 
members  of  Group  III.B.  are  not  precipitated  by  AmHO  in 
the  presence  of  AmCl. 

1060.  The  Presence  of  (POJ  in  the  HCl  solution,  which 
has  to  be  examined  for  Groups  III.,  IV.,  and  V.,  involves 
no  special  procedure,  if  AmHO  added  after  AmCl  produces 
no  precipitate ;  since  the  phosphates  of  Groups  III.  and  IV. 
and  of  Mg  must  be  absent.  If,  however,  a  precipitate  is 
formed  on  adding  AmCl  and  AmHO,  the  directions  for  pre- 
cipitation, which  are  given  at  the  head  of  Table  III.p.  (1065), 
should  be  followed,  and  the  precipitate  should  be  examined 
by  that  Table.  The  method  of  examination  of  this  precipi- 
tate may  l)e  simplified  by  using  IlI.Pi  (1066). 

1061.  Explanation  of  the  Phosphate  Table  III.p.— The  reason  for 
the  departure  fiom  the  ordinary  course  of  analysis  in  the  above  case  is 
the  following.  The  phosphates  of  Al,  Cr,  Ba,  Sr,  Ca,  and  ^Ig  are  00m- 
pletely  precipitated  by  AmHO.  The  ))liosi)hates  of  Ni,  Co,  Mn,  7m, 
and  Fe  are  only  partially  precipitated .  by  AmHO;  the  metals  are, 
however,  entirely  precipitated  from  these  phosphates  by  Ani._,S  in  the 
form  of  sulphides.  Hence,  if  the  precipitates  obtained  by  AmHO  and 
by  AnigS  respectively  are  mixed,  the  whole  of  the  metals  are  obtainetl 
in  the  conjoint  precipitate. 

In  obtaining  the  precipitate  for  Table  III.p.,  the  precipitates  pro- 
duced by  AmHO  and  by  Am^S  must  be  filtered  and  washed  sepa- 
rately ;  since  phosphates  of  Fe,  Zn,  Mn,  Ni,  and  Co  are  converted  by 
AmjS  into  sulphides,  with  formation  of  ammonium  phosphate  in 
solution.  This  soluble  phosphate  would  precipitate  Ba,  Sr,  Ca,  Mg 
as  jthosphates,  even  if  they  were  not  originally  present  in  that  con- 
dition. This  precipitation  would  not  only  complicate  the  process  of 
analysis,  but  would  also  render  it  impossible  to  state  whether  Ba,  Sr, 
Ca,  and  Mg  were  originally  present  in  solution  as  phosphat^e  or  not. 

The  phosphates  of  Groups  III.  and  IV.  and  of  Mg  are  accordingly 
first  precipitated  by  AmCl  and  AmHO  ;  then  any  members  of  Group 
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III.R.  and  any  remaining  traces  of  pliosfihates  of  Group  III,  are 
precipitated  from  the  iiltrate  by  AnioS.  The  two  precipitates  are 
mixed  and  treated  with  Am.^S,  wliich  will  dissolve  away  the  (PO4) 
from  the  phosphates  of  Fe,  Zn,  ]\In,  Ni,  Co,  leaving  tlie  other  phos- 
phates uudecomposed.  Hence,  if  this  })reci[)itate  is  filtered  off  and  the 
Iiltrate  is  tested  with  AmCl,  AmllO,  and  MgS04,  the  formation  of 
a  white  crystalline  precipitate  will  iudioate  the  presence  of  (PO4),  and 
will  indirectly  establish  the  presence  ia  tlie  original  precipitate  of 
phosphate  of  some  one  or  more  of  the  metals  Fe,  Zn,  Mn,  Ni,  Co. 

Oxalates,  Borates,  Fluorides,  and  Silicates  of  Ba,  Sr,  Ca,  Mg  would 
likewise  be  precipitated  by  AnaHO  in  Group  111. A.  But  the  evapora- 
tion of  the  HCl  solution,  after  passing  H.S  in  the  General  Table, 
causes  H-jBO..  and  HF  to  be  volatilised,  and  HoSiO^  to  become  in- 
soluble. Oxalates  are  also  decomposed  by  the  gentle  ignition  of  the 
si)lid  substance  which  remains  after  evaporation.  Hence  the  above 
salts  will  not  be  precipitated  if  the  solution  has  been  evaporated  to 
dryness,  and  the  residue  has  been  gently  ignited  before  Group  II I. a. 
is  precipitated. 

The  Principles  on  which  the  Method  for  Separating  and  Detecting 
the  Metals,  which  is  drawn  out  in  Table  III. p.,  is  founded  are  : — 

1,  The  insolubility  of  the  phosphates  of  Al,  Fe,  and  Cr  in  HA  in 
the  presence  of  an  alkaline  acetate  ;  tlie  other  portions  of  the  precipi- 
tate being  soluble  in  the  acid. 

2,  The  precipitation  of  all  the  (PO4),  which  was  present  in  the  HA 
solution  in  combination  with  Ba,  Sr,  Ca,  or  Mg,  by  the  addition  of 
Fe,Cia577). 

3,  The  further  separation  of  the  phosphates  of  Al,  Fe,  and  Cr  is  some- 
what complicated  by  the  fact  that  AIPO4  is  only  decomposed  by 
fusion  with  alkaline  carbonate,  when  SiO.,  is  also  present ;  and  this 
vSiO.>  hiis  to  be  removed  ahm-  the  fusion  by  methods  which  will  be 
intelligible  on  reference  to  paragraphs  602,  599. 

An  alternative  and  simpler  method  of  examining  a  preci[iitate  of 
Al,  F  e  and  Cr  phos[)hates,  by  fusion  with  KHO  and  KNO.j,  is  given  in 
Table  III. Pi  (1066). 

The  Best  Course  to  be  Pursued  in  precipitating  and 
examining  Group  III,  is  described  in  paragraph  1062. 
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RULES  FOR  THE  PRECIPITATION  AND  EXAMINA- 
TION OF  (IROUPS  1 1 1.  A.  AND  1 1  Lb. 


1062.  The  Following  Rules  may  be  laid  down  for  precipi- 
tating and  detecting  the  members  of  Groups IILa.  and  III.h. 
in  the  HCl  solution,  a  small  portion  of  which  has  been  tested 
for  (PO^)  by  AinHMoO^  (1007).  For  an  explanation  of 
these  rules  see  paragraphs  1058-1061. 

I.  If  the  Addition  of  AmHO  after  AmCl  causes  no  Pre- 
cipitate, the  absence  of  AI,  Fe,  Or,  and  of  their  phosphates, 
as  well  as  of  phosphates  of  Ba,  >Sr,  Ca,  and  Mg,  is  proved. 
Am.,S  is  then  at  once  added,  and  the  liquid  is  boiled.  Any 
precipitate  which  forms  is  examined  for  the  meml)ers  of 
(Iroup  III.B.  by  Tal.ile  III.B.  (IO28).  This  course  is  pursued 
even  if  (PO^)  is  present,  since  metals  of  Groups  III.  and  IV. 
and  of  Mg  cannot  be  present  as  phosphates. 

II.  If  the  Addition  of  AmHO  after  AmCl  causes  a  Pre- 
cipitate and  (PO,)  is  not  Present,  Al,  Fe,  Cr  must  have 
been  in  solution.  The  plan  of  precipitation  will  in  this  case 
depend  upon  the  object  of  the  analyst. 

If  small  quantities  of  Zn  need  not  be  tested  for,  the  method 
given  in  the  General  Table  (1007)  may  l)e  followed.  ^ 

If  traces  of  Zn  have  to  be  tested  for  in  the  solution,  add 
AmCl,  then  e.xcess  of  AmHO  and  of  Am,S  ;  boil,  filter,  and 
'examine  the  precipitate  by  Tal)le  IILc.  (IO63)  or  III.d. 
(1064). 

The  method  described  in  Ta1)le  IILc.  gives  trustworthy 
results,  and  is  to  be  used  for  very  careful  analysis.  The 
method  in  Table  III.d.  is,  however,  much  more  simple,  and 
is  sufficiently  accurate  for  general  use. 

III.  If  the  Addition  of  AmHO  after  AmCl  causes  a  Pre- 
cipitate, and  (PO,)  is  Present,  the  method  of  precipitation 
to  be  adopted,  together  with  the  Table  for  the  examination 
of  the  Group  precipitate,  will  be  found  in  paragraph  1065. 

The  shorter  method  in  paragraph  1066  may  be  employed  : 
it  gives  less  information  as  to  which  metals  were  present  as 
phosphates  in  the  original  solution. 


[1063.]    rRECIPITATION  AND  ANALYSIS  OF  GROUP  HI.  oSO 


1063.   TABLE     III.c— THE     SEPARATION  OF 
GROUPS   KT.A.  AND  III.b.  BY  BaC03. 

The  precipitate  may  contain  Fe,  Al,  Cr,  Zn,  Mn,  Ni,  Co. 
Rinse  it  off'  the  filter  into  a  porcelain  dish,  using  as  little 
water  as  possible,  add  some  strong  HCl  and  boil,  adding  at 
intervals  a  small  crystal  of  KCIO3, until  all  is  dissolved  but  a 
small  quantity  of  yellow  sulphur.  Evaporate  very  nearly  to 
dryness,  dilute  with  a  little  water,  and  pour,  through  a  filter 
if  necessary,  into  a  small  fiask.  Cool,  pour  in  a  small  quan- 
tity of  BaC03  suspended  in  water,  cork  tlie  fiask  tightly  and 
shake  well ;  repeat  the  addition  of  BaCO.,  and  agitation 
until  the  precipitate  is  distinctly  whitened  by  the  excess  of 
BaCOg :  then  sliake  Avell,  cork  the  flask,  and  allow  it  to 
stand  V)y  for  at  least  fifteen  minutes,  occasionally  shaking  it 
vigorously.  Let  the  precipitate  subside,  filter ;  wash  the 
precipitate  with  a  little  cold  water  allowing  the  washings  to 
run  through  into  the  filtrate,  then  wash  thoroughly,  rejecting 
the  washing-water : — 


1.  Precipitate  may  contain  Fe,  Al, 
Cr,  and  J>.i('03;  dissolve  it  in  as 
little  hdiiiiig  HCl  as  possible; 
ri'niove  ]'>a  from  tlio  hoiliiu/ 
solutiiiii  by  adding  lM)il.i)iij  Mnii) 
lloSO,  gradually,  until  alter 
allowing  tlie  i)re(ii)itate  to 
sfttle.  a  few  adtlitional  drops 
of  atid  cause  no  fiirtlier  i)re- 
cipitate  (Note  1,  below);  filter, 
add  purt'  Nalfo  in  excess  to  tile 
tiltrate,  lioil  and  tllter  : 


Pn'n'jdtnte :  ex- 
amine for  Fe 
and  Cr  by  co- 
lumn -J.  Table 
in. A  (1027). 


Filtrate:  e.va- 
mine  for  Al 
by  (loluniii  1, 
Table  I II.  A 
(1027). 


Note  1.— The  separation  of  Ba 
may  be  neglected  hero,  the  preci- 
l>itate  being  at  ome  boiled  with 
-NallO  :  in  this  case  much  white 
l)aC(>:i  will  remain  with  the  Fe.jOs 
after  fusion  to  separate  Cr  ;  it  will 
however  dissolve  with  the  Fe  and 
will  cause  no  complication. 


.  Filtrate  may  contain  Zii,  AIn,  Ni,  Co,  and 
KaCl, .  Remove  Ha  hy  adding  to  the  binling 
li(iui(l  bniliiKj  dilute  1I._,S().,  gradually,  until 
the  last  few  drops  inoiluce  no  further  j)re- 
cipitate  in  the  clear  Ii(|uid  from  which  the 
liaSO,  has  been  allowed  to  .settle;  filter; 
add  ])nre  .NallOin  excess  to  the  coirf  filtrate, 
stir  well  ami  Ulter  : 


Precipitate  may  contain  Mn,  Ni, 
Co  ;  rinse  it  off  the  filter  into 
a  porcelain  dish  with  as  little 
water  .-is  ])ossil)Ic,  add  some 
strong  HCl  and  boil  ;  evapo- 
rate nearly  to  dryness,  add 
a  Httle  .strong  solution  of 
NaA  to  the  liquid,  pass  IIjS 
to  saturation,  filter : 


Precijnfafe :  ex- 
amine for  Ni  I 
and  Co  ac- 
cording to 
1029. 


Filtrate :  add 
AniHO  ill 
excess ;  a 
flesh  colour- 
ed precipi- 
tate show.s  : 

.Pregencsof  Mn, 


Filtrate :  pass 
11.,^  a  white 
prcci])itate 
indicates  : 
Presence  of 
Zn . 
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n:ese  lines 
run  across 
until  pajies 


1064.  TABLE  III.D.-FOR  EXAMINATION  OF 
Kemove  the  precipitate  produced  by  AmCl,  AniHO,  and  Ani^S 
pouring  in  dilute  HCl  and  gently  stirring  and  shaking  the  liquid : 
filter  (see  Note  1)  :— 


liesidve  if  blaclc  inny 
contain  NiS  and  CoS ; 
examine  it  as  directpd 
in  1029. 


Filtrate  may  contain  Al,  Fe,  Cr,  Zn,  Mu.    Carefully  note  iti 
of  this  observation,  examine  the  liquid  by  column  I.  or  II. 


I .  The  liquid  is  perfectly  adoniiess  :  Absence  of  Cr. 

Boil  the  liquid  in  tlie  dish  for  a  few  mhiutes  until  it  no 
longer  sniells  of  IloS,  then  add  a  small  crystal  KCIO3  and 


boil  down  to  a  small  bulk 
well  and  filter 


cool,  add  KaHO  in  excess,  stir  r 


Precipitate  may  contain  Fe, 
Mn.  Dry  and  fuse  it  on 
platinum  foil  with  S;\^C<\, 
and  KNOs;  a  blue  green 
mass  shows  : 

Prc!<e)ice  of  31 11.  . 

Boil  the  foil  in  a  porcelain 
dish  with  water  lor  some 
time,  and  if  any  undis- 
solved residue  is  left,  de- 
cant the  liquid,  boil  the 
residue  with  HCl,  and  add 
KCyS ;  a  blood  red  colora- 
tion shows : 

Presence  0/  Fe  {'Sole  4,  1027). 


Filtrate  may  contain  Zu,  AL 

Divide  into  two  equal  parts 

(Note  2). 
Into  one  i:)ortion  pass  HoS ;  a  t 

white  precipitate  forms  at 

once  : 

Presence  of  Zn . 

To  the  other  portion  add 
AmCl  in  excess,  and  heat; 
a  colourless  flocculent  pre-  ^ 
cipitate  : 

Presence  ofAl. 


^o^g  1.— A  mere  milldness,  due  to  the  separation  of  sulphur,  shows  the 
iVbfe  2.— Al  and  Zn  may  also  be  detected  without  dividing  the  filtrate  by^  j 
colourless  flocculent  precipitate  show?  Presence  of  Al:  this  is  filtered  oflFand  YIS^ 


1 
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GEOIIPS  111. A.  AND  IILb.,  WHEK  MIXED. 

from  the  lilter  by  opening  the  lilter  out  inside  a  porcelain  dish, 

take  out  the  filter  paper,  stir  well,  and  if  any  black  residue  is  left. 


—  

colour,  which  is  best  seen  by  pouring  it  into  a  white  porcelain  dish,  and  according  to  the  result 

II.  The  liquid  has  a  violet  or  bright  green  colour :  Presence  of  Cr . 

Boil  the  liquid  in  the  dish  until  HjS  is  no  longer  smelt,  drop  in  a  small  crystal  of  KCIO3 
and  boil  down  nearly  to  dryness  ;  dilute  with  a  little  water,  pour  into  a  small  flask  and 
add  BaCOs  suspended  in  water  gradually  whilst  constantly  shaking  the  liquid  until  the 
excess  of  BaCOj  whitens  the  precipitate,  cork  the  flask  and  allow  it  to  stand  for  not  less 
than  fifteen  niiuutes,  occasionally  shaking  it  well ;  filter,  wash  first  with  cold  water  letting 
the  washings  run  into  the  filtrate,  then  with  boiling  water  rejecting  the  washings  : 

Precipitate  may  contain 
Fe,  Al,  Cr ;  examine 
it  by  column  I,  Table 
III.C  («o63) 

f 

\: 

Filtrate  may  contain  Zn,  Mn  ;  boil,  and  whilst  lioiling  add 
bviliruj  dilute  H2SO4  gradually  until  the  last  few  drops 
cause  no  further  precipitate,  filter  from  BaSOj ;  cool,  add 
puie  Iv  aHO  in  excess,  stir  well  and  filter : 

Precipitate :   dry   and  fuse 
with  NajCOs  and  KNO3  on 
platinum  foil ;  blue  green 
mass  : 

Presence  of  Mn . 

Filtrate :  pass  H28  ;  white 
precipitate  : 

Presence  of  Zn . 

absence  of  Ni  and  Co,  and  does  not  render  filtration  necessary. 

adding  to  it  HCl  gradually  until  it  becomes  acid,  then  AmHO  until  alkaline,  • 

is  ji.issed  into  the  filtrate,  a  white  precijiitate  shows  Presence  of  Zn  . 
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1065.  TABLE  in.p.-EOR  EXAMINATION 

If  (PO^)  is  found  in  the  HCl  solution  in  the  General  Table 
on  addition  of  AmCl  and  excess  of  AniHO,  the  liquid  containing  the 
washed  well  with  hot  water.  To  the  filtrate  Am.^S  is  added  in  excess, 
for  Groups  IV.  and  V.  (1007,  I020).  The  two  precipitates  yielded  by 
well  with  a  little  AmS,  then  filtered,  and  the  residue  on  the  filter 
adding  MgSO^ ;  if  this  is  present,  Fe,  Zn,  Mn,  Ni,  Co,  one  or  more, 

The  residue  left  after  stirring  with  Am^S  may  contain  Ba,  Sr, 
Or  as  hydrate  or  phosphate.  Remove  it  from  the  filter  and  heat 
KCIO3  occasionally  until  solution  is  complete.  Then  either  evaporate 
sufficient  quantity  to  just  redissolve  the  precipitate.  Filter  off"  S  if 
as  long  as  any  precipitate  is  produced.    Heat  gently,  and  filter  while 


Filtrate  ■  Add  FeoCl6(Note  2)  drop  by  drop  as  long  as  a  precipitate  forms,  and  until  the  Iniuid. 
after  bein"'  well'stirred  or  shaken,  remains  reddish:  addition  of  FcoCltjin  large  excess  must 
be  carefully  avoided.  Warm  gently  for  some  time,  filter  whilst  hot,  and  wash  with  hot 
water : 


Filtrate:  Add  AmCl,  ArnHQ  in  excess  (Note  3),  and  AnioS  :  filter 


Filtrate  :  Add  AmoCO;; :  filter : 


Precipitate  may  con- 
tain BaCO:s,  SrCO:i, 
CaCO;;.  Examine  this 
precipitate  by  Table 
IV.  (1031-1034). 

Ba,  Sr,  Ca,  if  found  in 
this  precipitate,  were 
present  in  the  solu- 
tion as  phosphates. 


Filtrate  may  contain 
Mg ;  after  removing 
any  traces  of  Ba,  Sr, 
Ca  (Table  1035,  Col. 
I.)  add  Na2HP04, 
warm  and  shake 
well ;  white  crystal- 
line precipitate  : 
Presence  of  Mg  as 
phosphate. 


Precipitate  :  examine 
by  Talde  III.c.  or 
III.D.  (1063,  1064)  for 
Zn,  Mil,  IS  1,  Co,  also 
for  Al  and  Cr. 

Test  a  portion  of  the 
original  solution,  or 
the  solution  of  the 
substance  in  MCI,  for 
Fe"  and  Fe'"  accord- 
ing to  Note  4  (1027). 


Precipitate  con- 
taining FeP04 
may  be  re- 
jected. 


Note  1. — An  insoluble  residue  here  may  contain  SrSO^  and  BaS04,  and  nnist 
sent  originally  as  phosphate. 

Note  2,— A  few  drops  of  Fegdr,  may  be  added  to  a  small  part  only  of  the 
be  examined  at  once  for  Groups  III.  and  IV.  and  for  Mg,  without  adding'  FesClg. 

Note  3. — Since  this  filtrate  has  to  bo  tested  for  Groups  III. A  and  III.b,  it 
analysing  the  precipitate  by  Table  III.C,  or  by  precipitating  Groups  III. A 
precipitates  by  Tables  III.  A  and  III.B  (1027,  1028). 

Note  4.— Since  CrP04  is  rarely  present,  this  precipitate  may  generally  be  tested 
may  be  detected  by  adding  AmCl  in  excess  which  gives  a  gelatinous  precipitate  ; 
and  adding  KCyS.    An  alternative  method  of  examining  this  precipitate  by 


[1065.]      ANALYSIS  OF  I'HOSFHATES  IN  llROUP  III. 


OF  PHOSPHATES  IX  GROUP  Til. 

(1007)  after  precipitating  Groups  1.  and  IL,  and  a  precipitate  forms 
precipitate  is  gently  heated,  filtered  quickly,  and  the  precipitate  is 
and  the  liquid  is  boiled ;  it  is  then  filtered,  and  the  filtrate  is  examined 
AmHO  and  by  Am.,S  are  transferred  to  a  porcelain  dish  and  stirred 
is  washed  well.  The  filtrate  should  be  examined  for  (PO,)  by 
must  have  been  present  as  phosphate. 

Ca,  Mg  as  phosphate;  Fc,  Zn,  Mn,  Ni,  Co  as  sulphide;  and  Al, 
it  with  a  little  dilute  HCl  in  a  porcelain  dish,  dropping  in  a  crystal  of 
very  nearly  to  dryness  ;  or  add  AmHO  in  slight  excess,  and  then  HCl  in 
necessary  {Note  1),  and  add  a  solution  of  HA  and  NaA  (I162,  84), 
hot  :— 


Pnri/ntah'  may  consist  of  FeP04  A1P04,  CiTOi  (Note  4).  Dry  the  precipitate  on  the 
Hltt  r,  ami  fuse  it  for  a  short  time  in  a  platiinnn  crucible  or  on  platinum  foil  \vith  a 
mixture  of  finely  powdered  SiO..,  >'«.,(.'();,,  and  KNO3.  When  cold  dissolve  by  boiling 
with  a  little  distilled  water,  add  An'ioCOj ;  allow  to  stand  for  a  short  time,  stirring 
occasionally  ;  let  the  precipitate  subside,  filter  : 


Prcrijritate  may  contain  H4Si04,  Fe  and  Al  as  silicates,  and 
Jb'e.XilO)^.  Acidify  Willi  Hti,  evaporate  to  dryness,  and  heat  tlie 
(lr\  resume  '^ently.  Warm  with  a  few  drops  of  strong  HCl,  add 
hot  water,  and  filter  : 


Filtratf :  add  pure  NaHO  in  excess,  boil  and 
(iltf  r  : 


Filtrate:  add  HA 
I     until  the  solu- 
tion is  acid,  bf)il 
for  a  short  time, 
then  add  I'bAo ; 
yellow  precipi- 
tate of  TbCrO, : 
Presence  of  Cr,  as 
,  j>hoi>phate. 
i 

I  .\nt.e.  —  A  white 
I     precipitate  on 
addition  of  PbA2 
may   be  disre- 
garded. 


Filtrate  :  add  AmCl  in 
e.xcess,  boil :  white, 
gelatinous  precipi- 
tate : 

Presence  of  Al  as 
phosphate. 


Precipitate  is  brown 
Fe.xH0)(j :  dissolve  by 
boiling  with  HCl, 
and  add  KCyS : 
blood-red  coloration : 
Presence  of  Fe  as 
phosphate. 


Residue  is  SiOj 
and  may  be 
neglected. 


be  px.iniined  b\'  the  latter  part  of  1017  :  I'<i  or  Sr.  if  fotitul  here,  was  pro- 
filtrate  and  the  li(iuid  heated  ;  if  no  precipitate  is  produced  the  other  portion  may 

may  be  examined  either  by  adding  A  mi  CI,  Am  HO,  and  AmoS  together,  and 
and  III.iJ  separately  by  AmCl  ami  AmHO  and  by  AnioS,  and  examining  the 

by  boiling  it  with  excess  of  NaHO,  and  filtering  ;  AIPO4  will  be  in  solution,  and 
Feo(HO)g  will  remain  as  a  precipitate,  and  may  be  detected  by  dissolving  in  HCl 
fusion  with  KHO  and  KNO:.  is  given  in  Talde  II I. r,  (1066). 
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1066.  TABLE  IIl.p— SECOND  PHOSPHATE  TABLE. 

Dissolve  the  Precipitate,  wliich  has  been  produced  by 
the  addition  of  AmHO  in  excess  after  AmCl  (1007),  hi 

the  least  possible  quantity  of  HCi :  add  to  this  solution  a 
few  drops  of  HA  and  a  considerable  quantity  of  AmA  solu- 
tion (1 161,  54)  :  then  add  FeCIg  drop  by  drop,  and  with 
constant  stirring,  until  the  liquid  just  becomes  permanently 
red  in  colour. 

If  the  liquid  contains  no  precipitate  after  it  has  been  mixed 
with  a  few  drops  of  YeCl^,  add  a  small  quantity  of  AmgHPO^ 
or  NaoHPO^  (see  Note,  page  395) :  and  then  stir  with  FeCl^, 
added  gradually  drop  by  drop  until  the  liquid  is  perma- 
nently reddened. 

Now  boil  the  turbid  liquid  for  several  minutes,  and  filter 
it  Avhile  it  is  still  at  boiling  heat  {Note,  II44)  • — 


The  Precipitate  may  be  neglected,  ii  the  addition 
of  AmS  has  caused  no  precipitate,  but  a  pre- 
cipitate has  been  produced  by  the  subsequent 
addition  of  FeCl;j,  since  in  this  case  metals  of 
Group  III.  A  must  be  absent. 

If,  however,  the  addition  of  AniA  has  caused  a 
precipitate,  the  above  precipitate  which  has 
been  separated  from  the  boiling  liquid  must  be 
examined  as  follows: — 

Dry  the  precipitate  on  the  filter ;  then  remove 
the  dried  particles,  and  heat  them  with  a  fused 
mixture  of  IvHO  and  KNO3  on  platin\im  foil. 
Allow  the  fused  mass  to  cool,  boil  it  with  water, 
and  filter  the  solution  : — 


The  Residue  will 

consist  of  FeoOjj 
and  may  be 
neglected,  since 
FeCls  has  been 
added  as  a  re- 
agent. 
But  the  HCI  solu- 
tion of  the  orig- 
inal substance 
must  be  tested 
for  Fe"  and  Fe'" 
by  adding  to  se- 
parate ])ortions 
of  it  KaFeCyo 
and  KCyS  re- 
spectively (1027, 
Note  4). 


The  Filtrate  will  be  yellow 
ov  colourless. 

If  it  is  yellow,  Or  is  present ; 
couflrni  its  presence  by 
acidifying  a  portion  of  the 
liquid  with  HA  and  adding 
PbAo  :  a  yellow  precipi- 
tate shows  the  Presence 
of  Or. 

Add  to  the  colourless  fil- 
trate, or  to  the  remainder 
of  the  yellow  filtrate, 
AmCl  in  large  quantity: 
a  col<  lurless  gelatinous 
precipitate  shows  the 
Presence  of  Al. 


The  Filtrate  should  be  free 
from  phosphate,  and 
should  give  no  preci- 
pitate wlien  excess  of 
AmHO  is  added  after 
AmCl. 

E.Kamine  this  filtrate  for 
Groups  III.B,  IV.,  v., 
according  to  the  direc- 
tions given  in  the  General 
Table  (1007). 
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METALS  AND  ALLOYS. 
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Xotc.—TUii  addition  of  Am  A  prei-ipitates  FePO^,  All'Oj,  and  CrPOj 
only  partially  if  is  present  in  small  quantity  only,  and  the  liquid 
is  subsequently  not  entirely  freed  from  POj  by  being  boiled.  Tlie 
addition  of  the  soluble  phosphate  renders  the  precipitation  of  FePO^ 
and  AlPO.,  complete  ;  while  the  excess  of  iron,  together  with  any  dis- 
solved OrPO^,  is  completely  precipitated  by  the  sul)se<[uent  boiling  of 
the  liquid. 


ANALYSIS  OF  METALS  Ai\])  ALLOYS. 

1067.  The  Metal  is  first  reduced  to  ))owder,  filings,  or  thin 
turnings  or  shavings.  The  following  Preliminary  Examina- 
tion (1068)  is  then  made,  and  one  of  the  methods  described 
in  paragraphs  1068,  I070  is  adopted  for  the  full  exam- 
ination. 

The  First  Method  should  be  employed  for  the  examination  of  a 
metal  or  alloy  of  unknown  eomposition  ;  since  it  enables  all  metals  to 
be  detected,  even  when  they  arc  present  in  small  quantity  only. 

The  Second  Method  leaves  Sn,  SI),  An,  and  Pt  undissolved,  while 
otlier  metals  pass  into  solution. 

This  method  is  not  recommended  as  a  general  one,  since  the  following 
complications  may  occur. 

If  As  is  present  with  Sn,  a  part  or  the  whole  of  the  As  may  remain 
in  the  residue.  If  Pt  is  present  with  a  suHicient  quantity  of  Ag,  the 
Pt  may  pass  entirely  into  solution.  Sb  will  always  partly  enter  into 
solution. 

The  process,  however,  is  useful  in  eases  where  an  alloy,  which  is 
known  to  contain  a  large  proportion  of  Sn  or  Sb,  has  to  be  examined 
for  other  metals  :  since  the  other  metals  are  dissolved  away  at  once 
from  the  bulk  of  the  Sn  or  Sb,  and  a  solution  is  obtained  which  is 
better  suited  for  general  analysis. 


Preliminary  Examination. 

1068.  Note  the  General  Appearance  and  Properties  of 
the  Substance,  its  colour,  any  characteristic  smell  which 
may  be  given  off  wlien  it  is  rubbed  with  the  hand,  also 
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whether  it  is  crystalline  or  not ;  and  whether  it  is  attracted 
by  a  magnet  (Fe,  Ni,  Co,  &c.). 

Note  the  hardness  of  the  metal,  by  seeing  if  it  can  be 
scratched  or  cut  by  a  steel  knife ;  also  whether  it  breaks  to 
powder  (brittle),  or  flattens  out  (malleable),  when  it  is  struck 
smartly  with  a  hammer.  Then  try  the  following  experi- 
ments with  separate  small  portions  of  the  substance: — 

L  Heat  with  NaoCO.j  on  charcoal  in  tlie  iiinei-  blowpipe-flame  (991,  3, 
and  992). 

IL  Fuse  into  a  colourless  borax-bead  in  the  outer  blowpipe-liame 
(991,  2). 

in.  Try  the  flame-coloration  (990). 

IV.  Heat  in  an  ignition  tube,  and  note  whether  a  metallic  sublimate 
of  Cd,  As,  or  of  globules  of  Hg  forms  ;  or  whether  S  sublimes- 
from  a  sulphide. 

Y.  Combined  P,  As,  S,  and  Si  can  frequently  only  be  detected,  after 
they  have  been  converted  into  phosphate,  arsenate,  suljihate, 
and  silicate,  by  dissolving  the  substance  in  strong  HNG;;  or 
aqua  regia,  or  by  fusing  it  with  KNO3  and  NagCOa,  and  then  dis- 
solving in  water  and  acidifying  with  HCl :  the  solution  is  then 
tested  by  paragraphs  1053,  1052,  1048,  and  1017,  after  evapora- 
tion to  dryness. 

VI.  C  from  metallic  carbide  may  remain,  when  the  metal  is  dissolved 
by  HCl  or  by  CuClo  solution,  as  a  black  residue,  which  can  be 
burnt  away  on  platinum  foil  at  a  bright  red  heat  (Exp.  81,  105). 
Or  the  carbon  may  escape,  during  solution  of  the  metal  in  acid,  as 
a  hydrocarbon,  which  produces  HgO  and  COoby  its  combustion. 


Solution  and  Examination  of  a  Metal  or  vVlloy. 

1069.  Method  I. — Pour  some  rather  dilute  HCl  upon  the 
powdered  metal  in  a  small  flask  with  a  glass  funnel  in  its 
neck  (fig.  38,  p.  60),  and  heat  for  some  time  just  short  of 
boiling.  If  the  metal  dissolves  readily,  continue  to  heat 
until  the  metal'  is  completely  dissolved,  and  examine  the 
HCl  solution  according  to  the  General  Table  (l007)- 

Frequently  HCl  alone  does  not  effect  complete  solution. 
Two  or  three  drops  of  strong  HXGy  should  then  be  poured  in, 
and  more  HNO3  and  HCl  should  be  added  occasionally  when 
the  action  ceases  or  when  red  fumes  are  no  longer  given  off 
on  heating.    When  the  metal  has  entirely  disappeared,  add  a 
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little  more  strong  HCl  and  boil  as  long  as  any  CI  or  reddish 
fumes  are  given  off ;  then  dilute  with  a  little  water,  heat  to 
filter,  if  there  is  any  white  residue  : — 


boiling,  and  cool ; 


liesidite,  if  crystalline,  is  prob- 
ably PbClo,  which  will  dis- 
solve entirely  it'  it  is  washed 
with  snthcieiit  boiling  water. 

In  this  solntion  tlie  presence 
of  I'b  is  contirnicd  by  adding 
K.jCrOj,  which  gives  a  yellow 
))reei|)itate  soluble  in  excess  of 
KHO,  showing  Presence  of  Ph. 

If  any  residue  is  left  alter  washing 
wt'U  with  boiling  water,  it  is 
probably  AgCl ;  contirm  tlie  pre- 
sence of  Ag  by  pouring  upon  the 
residue  hot  AniHO,  it  dissolves 
completely  and  is  reprccipitated 
on  adding  HNO:j  in  excess  :  — 

Presence  of  Ag. 


Filtrate:  dilute  largely  with 
cold  water  {Note),  and 
whether  this  causes  a  preci- 
pitate or  not,  pass  H.>S  to  sat- 
uration into  the  cold  solution  ; 
examine  any  precipitate  thus 
produced  by  Table  II.  (IO24), 
and  proceed  to  examine  the  iil- 
trate  for  Groups  III.,  IV.,  and 
v.,  as  directed  in  the  General 
Table  (1007). 


Note. — A  white  precipitate, 
appearing  on  dilution,  is  due  to 
the  presence  of  Bi,  Sb,  or  Sn. 


1070.  Method  II. — Pour  upon  the  finely-divided  metal 
some  strong  HNO3,*  and  heat  in  a  small  flask  with  a  watch- 
glass  or  funnel  on  its  neck  (fig.  38,  p.  60),  as  long  as  any 
red  fumes  appear  :  one  of  two  results  will  occur  : — 


I. 

II. 

The  Subxtance  dinnolnex 
coinpMel.if,  with  nr  with- 
out addition  of  water. 
Absence  of  Pt,  Au,  Sb, 
Sn  (Note  1). 

Examine  the  .solution, 
after  boiling  nearly  to 
dryness  and  diluting 
with  water  (Note  2),  by 
the  General  Table  (1007). 

A  Residue  is  left :  add  some  hot  water  and  boil,  then 
filter,  and  wash  the  residue  on  the  lllter  well  with 
Ijoiling  water  (N'ote  2).    Kxamine  the  solution  )jy  I. 
The  residue  will  consist  either  of  :— 

1.  An    Kiitirelif    MetalUe  or 
Black  I'owder ;  ])rob!il)ly  Pt 
or  Au.    Dissolve  this  residue 
and  examine  the  solution  as 
is  directed  in  paragraph  1073. 

2.  Or  of  a  White 
I'owder  contain- 
ing Hn,  Sb,  As, 
possil)ly  also  Pt 
and  Au  concealed 
in  it  (Note  y). 

Note  1. — The  solution  is  liable  to  contain  snnill  quantities  of  these 
metals,  which  must  always  be  tested  for  in  a  careful  analysis. 


*  Ifllghas  been  found  in  the  Preliniiniiry  E.xamination  and  small 
(juantities  of  Ag  have  to  be  tested  for,  the  Hg  should  be  expelled  by 
heating  the  substance  strongly  in  a  porcelain  crucible  before  it  is  dis- 
solved in  acid,  since  Hg(NO;j).,  tends  to  prevent  the  precipitation  of 
Ag  by  HCl  in  Group  I. 
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Note  2.— BiOCl  will  often  be  precipitated  by  dilution,  but  the  i>re- 
cipitate  will  disappear  on  adding  HCl  and  boiling,  and  is  thus  easily 
distinguished  from  the  Group  I.  precipitate. 

Note  3.— If  much  residue  is  obtained,  a  small  quantity  of  it  may  be 
heated  in  a  test-tube  with  HGl,  adding  KCIO;; :  if  it  dissolves  entirely, 
dissolve  the  whole  of  the  residue,  and  examine  the  solution  by  Table 
II.,  commencing  at  paragraph  1026  :  if  it  refuses  to  dissolve,  proceed 
wuth  the  rest  of  the  residue  as  is  directed  below.  If  the  residue  is 
small  in  quantity  examine  it  at  once  as  is  directed  below. 

1071.  Examination  of  the  Non-metallic  Residue  In- 
soluble in  HNO3. — Dry  the  residue  on  the  filter  at  a  gentle 
heat,  mix  it  thoroughly  with  about  an  equal  quantity  of 
powdered  Na.,CO.,  and  NaNOs,  and  add  the  mixture  gradu- 
ally to  some  fused  NaNO.^  contained  in  a  porcelain  crucible. 
Then  pour  the  melted  substance  out  into  a  porcelain  dish ; 
allow  it  to  cool,  pour  upon  it  cold  water  and  let  it  stand  for 
some  time.  Then  crush  the  mass  with  a  pestle,  and  stir  it 
occasionally ;  filter,  and  wash  the  residue  on  the  filter  with 
dilute  alcohol,  throwing  away  the  washings  : — 


Hesidue  may  contain  Sn,  Sb,  Pt,  Au.  Place 
it  in  a  small  porcelain  dish,  pour  in  a 
little  HCl  and  heat,  then  add  water  ; 
whether  the  residue  has  dissolved  or  not, 
place  in  the  liquid  a  strip  of  Pt-foil  and 
drop  upon  it  a  piece  of  pure  Zn  ;  re- 
move tlie  ]ilatinum  strip  in  a  few  seconds  ; 
if  it  is  stained  black  is  2^1'esent.  Wait 
until  the  evolution  of  H  ceases,  taking 
care  that  there  is  some  Zn  left  undis- 
solved, and  adding  more  Zn  if  the  first 
piece  has  entirely  dissolved. 

The  residue  in  the  dish  may  consist  of  Sn, 
Au,  and  Pt  ;  remove  the  Zn,  rinsing  oft' 
any  substanue,  adhering  to  it»  into  the 
dish;  stir  the  liquid  in  the  dish  well,  then 
pour  off  the  liquid,  carefully  leaving  the 
residue  ;  pour  iu  water,  stir  well,  and 
again  pour  off  carefullj'.  Boil  the  residue 
for  some  time  with  strong  HCl  in  a  test- 
tube,  dilute,  decant,  add  HgCJg ,  a  white 
precipitate  forms  : — Presence  of  Sn  . 

Eesidue :  dissolve  by  waj-ming  with  HCl 
and  HNO3,  and  examine  the  solution  for 
Au  and  Pt  by  (1073),  using  only  the  left 
hand  portion  of  the  Table. 


Filtrate  may  cont;uii 
(ASO4)  :  add  HKO3 
until  the  solution  is 
aciil  and  boil,  evapo- 
rating the  liquid  in  a 
dish  if  very  bulky. 
Pour  into  half  this 
solution  AgN03aslong 
as  it  gives  any  preci]ii- 
tate,  and  add  gradually 
AmHO  diluted  with  10 
or  12  times  its  bulk  of 
water,  a  brown  preci- 
pitate shows  : — 
Presence  of  As . 

To  the  other  half  of  the 
acid  solution  add 
AmHO  in  excess,  then 
MgS04,  and  rub  the 
inside  of  the  vessel 
with  a  glass  rod  ;  a 
white  crystalline  pre- 
cipitate, often  appear- 
ing only  after  some 
time,  shews  : — 
Presence  of  As . 
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1072.  Detection  of  All  and  Pt. — The  Residue  may  contain  An,  Pt, 
(Sn,  Sb).  Remove  any  fiagiiieiits  of  Zn,  boil  the  residue  with  sti'on<,' 
HCl,  allow  to  settle,  and  decant  : — 


1073.  ResiiUii'* ;  pour  upon  the  residue  in  the  disli  a  little 
Hl'l,  adil  several  ilrops  of  HNO..,  aiul  boil  gently  very 
nearly  to  dryness  ;  add  some  K(;l  solution  and  evaporate 
once  more  very  nearly  to  dryness.    I'our  some  absolute 
aleohol  into  the  cool  dish  and  stir  well  for  a  time,  allow 
the  precipitate  to  settle  and  decant  the  li((iiid,  wash  the 
preciidtate  by  stirring-  it  with  a  little  more  aleohol  and 
decant  the  li(|Uid  when  tlie  precipiiate  has  settled  : — 

Sdlvtion  ;  to  one 
part  add  HaCU  : 
a  white  precl- 
jtitate  :— 
Presence  of  Sn. 

In  the  other  part 
of  this  solution 
immerse  a  strip 
of  Pt  and  drop 
apiece  of  Zn  on 
the  Pt ;  a  black 
stain  on  the  Pt 
shows ; — 
Presence  of  Sb. 

Precipitate  will  consist  of 
yellow  KoPtCI,; :  dissolve  it 
in  a  little  boiling'  water,  add 
several  drops  of  HCl,  then 
Snt'I.j :     an    orange  red 
coloration  confirms  the 
Presence  of  Pt. 

Solution  will  be  yellow  if  An 
is  present ;  evaporate  on  a 
water-bath,  dissolve  in  a 
little  w^ater  and  add  a  few 
drojjs  of  freshly  prepared 
FeSO^    solution  :    a  blue 
liquid  : — 

Presence  of  A  u. 

*  If  Sb  has  not  been  detected  already,  this  residue  should  be 
exannued  for  Sb.  Boil  it  once  more  for  some  time  with  strong  HCl  to 
remove  all  Su.  wash  the  residue  well  by  decantation  and  boil  it  in  the 
dish  with  H.jT,  adding  a  few  drops  of  HNO^j,  decant,  and  test  the  liquid 
for  Sb  by  adding  HCl  and  passing  H^S  :  the  residue  is  then  examined 
as  is  directed  above  (1073). 
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EXAMIJ^ATION  OF  SUBSTANCES  INSOLUBLE  TN 
WATER  AND  ACIDS. 

1074  An  insoluble  Substance  may  Consist  of  one  or 
more  of  the  followmg  substances,  all  of  which  are  white 
except  Fe.O,,  Cr.O^,  FeCr,0„  PbCrO,,  S,  C,  native  SnO, 
and  CaF,,  and  AgCl  which  has  been  exposed  to  hght. 

In  the  following  list  those  substances  whicl.  are  embraced  in  round 
brackets  (  )  may  possibly  be  present,  those  in  square  brackets  [  ] 
improbably,  because  they  are  soluble  in  much  water. 


1.  BaSOi 

2.  SrSO^ 

3.  [C'aSO^] 

4.  (PbSOj 

5.  PbOrOi 

6.  [PbCk] 


7.  AgCl 


8.  SiO^ 

9.  (AkO,) 

10.  (Fe^O^) 

11.  (Cr.A) 

12.  FeCr^O^ 

13.  (SnO^) 

14.  Sb.:^0^,Sb^Oi 

15.  CaF^ 

16.  S 

17.  C 


I 


Insoluble  in  water  and  acids. 
Insoluble  ,> 

Not  perfectly  insoluble  in  water,  soluble  in  hot 
HCl,  and  should  therefore  pass  into  the  acid 
.  solution. 

Insoluble  after  being  strongly  heated. 
Soluble  in  boiling  water,  and  should  therefore 
have  been  removed  if  the  residue  was  well 
washed  with  boiling  water. 
This  may  have  been  originally  present  as  such,  or 
may  have  been  derived  from  the  use  of  HCl  in 
making  the  solution,  or  by  the  action  of  aqua 
recia  on  tlie  insoluble  substances  AgBr,  Agl, 
AgCy,  Ag:,FeCy,„  A'.'jFeCve. 
Either  uncombmed,  or  as  a  silicate. 
Insoluble   after    being  strongly   ignited,  but 
usually  dissolved  by  long  boiling  with  strong 
HCl. 

Chrome  iron  ore,  native. 
Native  or  ignited. 

Also  a  few  otlier  fluorides,  and  some  metaphos- 
plijates  and  arsenates.  _ 

Yellow,  slowly  soluble  in  strong  HNO3,  giving 
red  fumes,  and  yielding  H2SO4. 

Black,  and  quite  insoluble. 


If  sufficient  of  the  substance  is  available,  the  Preliminary  Examina- 
tion (1075)  may  be  made  on  a  portion  of  it.  In  case  the  quantity  of 
substance  is  small,  however,  the  whole  of  the  substance  must  be 
employed  for  the  examination  by  fusion  (1076). 
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Preliminahy  Examination  op  Insoluble  Substances. 


107^  The  substaiu  e  must  be  in  the  state  of  dry  powder.  Make  a 
careful  exaniiuatiou  of  it  with  a  pocket  lens.  Expts.  L  and  IL  need 
only  be  made  if  the  substance  is  li^^lit  in  colour. 


Experiment. 

Observation. 

Inference. 

I.   01>serve    whether  the 
substance  darkens  when 
allowed  to  stand  in  the 
light  for  sonje  time. 

The  colo'ir  changes  to  violet 
or  black. 

Presence  of  AgCl . 

II.    Tour  a   little  Am.,S 
upon  a  portion  of  tlie 
substance    on   a  watch 
glass. 

The  substance  blackens ; 
pass  on  to  III. 

The  substance  does  not 
blacken  ;  pass  on  to  V., 
omitting  III.  and  IV.,  since 
Pb  and  Ag  must  be  absent. 

Presence  of  Pb  or  Ag . 

III.  Heat  ."iDnie  of  the  sub- 
stance with  a  little  water 
and  a  small  piece  of  KCy ; 
filter    off,    keeping?  the 
residue;  to   the  filtrate 
add  Ani..S. 

A  browni.sh  precipitate. 

Presence  of  AgCI . 

Confy.  On  warming  some 
of  the  substance  with 
AmHO,   liltering,  and 
adding  excess  of  HNOj 
to  the  filtrate,  a  white 
precipitate  forms, 
which,    when  shaken 
well  or  heated,  coagu-j 
lates  into  flocks. 

IV.  Wash  the  residue  from 
Kxp.  III.  well  upon  the 
niter:— 

«.  It  i.i  white;  drop  AnijS 
upon  it. 

h.  It  is  dark  coloured  :  add 
water  and  lljt,  and  boil 
after  addini;  .VmllO  in 
excess  ;  filter,  to  the  fil- 
trate add  IlA  in  excess 
and  K.,Cr<)< . 

The  residue  blackens. 

A  yellow  precipitate,  soluble 
in  KHO . 

 J 

1 

Presence    of   rbS04  or 
PbClj . 

Presence  of    Pb.SO,  or 
PbCl.^ . 

V.  Take  up  some  of  the 
substance  upon  a  mois- 
tened loop  of  platinum 
wire ;  heat  it  for  a  short 
time  in  tlie  inner  blow- 
pil)e  flame,  then  moisten 
with   a  ilrop  of  stron^j; 
HCI,  anil   h(dd    in  tlie 
outer  part  of  a  I'.nn.sen 
flame. 

1 

A  reddish  j/ellow  coloration, 
(hiski/  (jrccn    when  .seen 
IhrouKh  the  indij;o  inism. 

.•\  crimson  red  coloration  aji- 
pi;aring  deej>  red  thnnigh 
the  indigo  pri.sni. 

A  iif'lliiir/sh  ijrcen  coloration. 
These  colorations  may  often 

be  .seen  in  succession  and 

fui  ther  distinguished  by  the 

spectn  iscope. 

Presence  of  ( 'a . 

1  as 
Presence  of  .><r  p'ill''ii'te. 
Presence  of  lla  J 

VT.  Heat  in  a  small  test- 1 
tube  or  igin'tion-tube,then 
stron-ily  on  a  piece  of 
porcelain  or))roken  glass, 
or  on  platinum  foil. 

A  yellow  sublimate  forms  on 
the  siiles  of  tube. 

When  strongly  heated  the 
sulistanee  smoulders,  and 
ultimately  burns  away. 

Presence  of  S. 
Presence  of  C. 

2  c 
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Experiment.  I 

! 

Observation. 

Inference. 

1 

VII.   Heat    with  strong 
H2SO4  in  a  platinum  cru- 
cible or  leaden  cup  co- 
vered with  a  watch  glass 
(606) :  or  if  a  silicate  is  pre- 
sent examine  by  passing 
the  gas  into  AmHO  (607). 

The  glass  is  etched. 

A  gelatinous   precipitate  is 
obtained  in  the  AmHO . 

Presence  of  F. 
Presence  of  F. 

VIII.  Fuse  some  of  the 
substance  in  a  bead  of 
KaAmHP04,  first  in  the 
outer  then  iu  the  inner 
blowpipe  flame. 

Particles  are  seen  floating 
undissolved  in  the  melted 
bead. 

Green  coloured  bead. 

Reddish  brown  bead,  colour- 
less when  cold,  iiiid  be- 
coming greenish  in  the 
inner  flame. 

Presence  of  SiOj. 
Presence  of  Cr . 

Presence  of  Fo . 

Examination  op  Insoluble  Substances. 

1076.  Treatment  of  the  Substance  with  fused  Alkaline 
carbonate  (io6,  Exp.  84).— Free  the  substance,  if  necessary 
(1075,  VI.),  from  free  S  or  C  by  igniting  it  strongly  in  an 
open  porcelain  crucible.  Mix  the  finely-powdered  substance 
with  five  or  six  times  its  volume  of  fusion-mixture,  Na^COg  + 
K2CO3,  and  heat  the  mixture  in  a  small  covered  porcelain 
crucible  over  the  Bunsen-flame  (fig.  80),  until  it  melts.  It 
will  sometimes  be  necessary  to  employ  the  blowpipe-flame  in 
order  to  fuse  the  mass.  Keep  the  mixture  in  the  fused  con- 
dition for  at  least  ten  minutes,  and  then  allow  the  crucible 
to  cool. 

A  Platinum  Crucible  is  preferable  to  a  porcelain  crucible  for  tliis 
process,  since,  after  the  mixture  has  been  fused  in  porcelain,  small 
quantities  of  AloO;,  and  SiOs  will  always  be  introduced,  owing  to  the 
action  of  the  alkaline  carbonates  upon  tlie  glaze  of  the  porcelain. 

If  Pb  and  Ag  have  been  proved  to  be  absent  by  the  Preliminary 
tests  (1075,  II.).  0^'  if  tl^^y  ^^^^  removed  by  boiling  the  substance 
first  with  KCy  solution,  and  then  with  HgT  and  excess  of  AmHO  and 
washing  well,  a  platinum  crucible  may  be  used. 

The  Form  of  Pipe-clay  triangle,  which  is  shown  in  fig.  81,  is 
recommended  for  supporting  the  crucible,  since  the  prominences  on  its 
sides  enable  the  flame  to  reach  the  siSes  of  crucible. 


A  Gas  Blowpipe  will  be  found  convenient  for  fusing  the  mixture : 
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see  lig.  10  (7),  figs.  82,  83  (1118)  ;  the  petroleum  or  spirit  blowpipe 
.shown  in  fig.  87  (1120)  also  serves  the  purpose  well. 

Now  pour  some  water  into  the  crucible,  and  eitlier  allow 
it  to  stand,  or  boil  the  liquid,  until  the  solid  mass  is  loosened 
from  the  crucible.  l>oil  this  mass  in  a  porcelain  dish  with 
di.stilled  water,  crushing  it  by  pressure  with  a  pestle  if  it 
does  not  quickly  fall  to  pieces. 

Allow  the  residue  to  settle,  pour  off  the  solution  through 


Fio.  80. 


Triangle. 
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a  filter,  and  boil  the  residue  with  a  little  more  water ;  pour 
off  through  the  same  filter,  adding  this  filtrate  to  the  former 
one. 

The  examination  of  the  undissolved  residue  is  described 
in  paragraph  'IO77,  and  that  of  the  filtrate  in  paragrnph 
1078. 

1077.  Insoluble  Residue  on  the  Filter. — Wash  the 
residue  well  with  boiling  water,  then  make  a  hole  in  the 
bottom  of  the  filter,  and  rinse  the  residue  through  into  a  test- 
tube  by  pouring  upon  it  a  little  boiling  dilute  HCl  {Note  1). 
The  residue  Avill  dissolve  entirely  when  it  is  heated  with  the 
acid,  if  the  fusion  has  been  continued  sufficiently  long  {Note 
2).  Filter,  if  necessary,  and  examine  the  solution  by  the 
General  Table  (1007),  bearing  in  mind  that  only  the  metal 
in  paragraph  1074  are  likely  to  be  present  {Note  3). 
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Note  1.— If  Ag  and  Pb  are  known  to  be  present  by  the  Preliminary 
Examination  (1075,  IL),  dilute  HNO,  must  be  used,  instead  of  HCl, 
lor  dissolving  the  residue. 

If  ellervescence  is  produced  by  the  action  of  the  acid  upon  the 
residue,  the  presence  of  Ba,  Sr,  Ca,  or  l\g  is  proved. 

Note  2.— A  Residue  Insoluble  in  Acid  should  be  finely  ].o\vdered 
and  then  treated  once  more  with  fresh  fusion-mixture  (1076).  If  it 
consists  of  chrome  iron  ore,  it  may  be  dissolved  by  heating  it  with 
HNOo  and  KCIO:;. 

Note  3.— The  Solution  should  be  Evaporated  quite  to  Dryness 
before  Group  III.  is  precipitated,  and  a  water-bath  should  be  use<l 
towards  the  end  of  the  evaporation  if  the  sulistauce  spirts. 

The  use  of  a  water-bath  is  usually  necessary  if  SiC,  is  present  in  the 
substance,  since  silicic  acid  may  pass  into  the  solution,  and  if  it  is  not 
completely  separated  by  the  process  of  evaporation  (599),  its  presence 
may  give  rise  to  complications  in  the  analysis. 

1078.  Aqueous  Solution  of  the  Fused  Mass.— Divide 
this  solution  into  two  parts,  (a)  and  (b). 

(a).  Add  HCl  to  one  part  until  the  liquid  is  distinctly 
acid,  and  evaporate  in  a  porcelain  dish  to  dryness,  finishing 
the  process  on  a  water-bath,  if  necessary,  to  avoid  spirting. 
Then  continue  to  heat  the  dish  gently  over  the  flame  or  upon 
a  sand-bath  until  the  residue  is  quite  dry.  Pour  in  a  little 
strong  HCl  and  warm,  dilute  and  heat  again ;  an  insoluble 
residue  shows :— Presence  of  SiO._>. 

Filter  off  SiO.3  if  necessary,  and  examine  the  filtrate  by 
the  General  Table  (1007).  Al  may  be  found  here,  but  other 
metals,  such  as  Cr,  Mn,  Zn,  Sn,  Sb,  Cu,  As,  should  also  be 
tested  for,  since  their  oxides  are  soluble  in  alkalis,  and  may 
therefore  pass  into  this  solution. 

(b).  Test  separate  portions  of  the  other  part  of  the  aqueous 
solution  for  the  following  acid-radicles  as  is  described  below. 
Unless  the  fusion-mixture  employed  was  free  from  chloride, 
sulphate,  and  phosphate,  the  tests  for  these  acid-radicles  may 
be  of  little  value. 

Chloride:  acidify  with  HNO3  and  add  AgNO^ ;  white  precipitate, 
easily  soluble  in  Am  HO. 


[107^.] 


INSOLUBLE  SUBSTANCE. 


405 


Sulphate  :  acidify  with  HCl  and  add  BaClo ;  whiti;  precipitate, 
insoluble  on  boiling. 

Chromate :  acidify  with  HA  and  add  PbA.> ;  yellow  precipitate. 
A  chromate  is  also  seen  by  the  yellow  colour  of  the  solution.  Cr  thus 
detected  may  have  been  present  acting  as  a  metal  or  as  a  constituent 
of  the  chromate  acid-nuliclo  {Note  3,  1027). 

Phosphate  :  acidify  with  HNO.j,  add  a  few  drops  to  some  AmHMoOj 
solution,  and  warm  gently  ;  a  yellow  precipitate  forms,  often  only  after 
a  time  or  wiien  the  liquid  is  gently  heated. 

If  As  has  been  found  when  HoS  was  passed  into  the  hot  HCl  solution, 
the  presence  of  (PO4)  must  be  confirmed  in  a  portion  of  the  iiltrate 
from  whicli  the  As  has  been  completely  precipitated  (1053),  else  the 
above  yellow  precipitate  may  have  been  due  to  (AsOj). 

Fluoride  :  aihl  HCl  in  excess  to  a  part  of  the  solution,  stir  well, 
and  let  stand  until  the  CO.2  has  escaped  ;  then  add  AmHO  in  excess, 
then  CaClo  as  long  as  it  produces  any  precipitate,  and  let  stand  for  a 
time. 

Filter  otf  and  dry  any  precipitate  which  forms,  and  pour  strong 
H.jSOj  upon  it  in  a  platinuni  crucible  covered  with  a  suitably  prepared 
watch-glass  (606). 

1079.  Examination  for  Na  and  K. — Since  IS' a  and  K 
liave  been  introduced  into  the  substance  by  the  fusion- 
mixture,  these  metals  cannot  be  tested  for  in  the  aqueous 
solution  obtained  after  fusion. 

Unless  the  analyst  is  satisfied  that  the  spectroscopic  test, 
made  with  the  special  precautions  mentioned  in  paragraph 
117,  is  conclusive,  he  should  proceed  to  examine  the  sub- 
stance for  Xa  and  K  by  paragraph  1081. 

The  simpler  method  of  examination  by  paragraph  1082 
may  be  employed  if  the  substance  is  a  silicate :  and  if  K  and 
Xa  are  present  in  a  condition  in  which  they  are  insoluble  in 
acids,  they  will  usually  bo  contained  in  a  comjilex  silicate. 
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ANALYSIS  OF  SILICATES. 

1080.  The  Presence  of  Silica  in  a  substance  will  have 
been  shown  by  the  special  test  (984)  or  by  VIII.  in  para- 
graph 1075. 

When  silica  has  been  found  it  becomes  necessary  to 
examine  the  substance  for  all  metals,  since  many  silicates, 
which  are  soluble  when  they  are  alone,  become  insoluble 
when  they  are  mixed  or  combined  with  other  insoluble 
silicates. 

Many  silicates  may  be  entirely  decomposed  by  heating 
them  for  some  time  with  strong  HCl  just  short  of  boiling. 
If  the  decomposition  has  been  complete,  only  a  colourless 
residue  of  siHcic  acid  will  remain.  This  may  be  identified 
by  its  insolubility  in  fused  microcosmic  salt  (600),  and  by 
causing  effervescence  when  it  is  fused  into  a  bead  of  Xa.,CO., 
(601). 

If  it  is  found  that  the  sihcate  is  not  completely  decomposed 
by  hot  strong  HCl,  it  should  be  treated  with  fused  alkaline 
carbonates,  as  is  directed  in  paragraphs  IO76,  et  seq.  In  the 
examination  which  follows  the  fusion,  it  must  be  remem- 
bered, however,  that  all  metals  may  be  present.  The  metals 
Xa  and  K  must  be  tested  for  specially  by  paragraph  1081  or 
1082. 


Examination  for  Xa  and  K  in  an  Insoluble  Substance. 

Since  Xa  and  K  cannot  be  tested  for  in  the  solution  which 
is  obtained  after  fusion  with  alkaline  carbonates  (1076),  a 
separate  portion  of  the  original  substance  must  be  examined 
for  these  metals  by  one  of  the  two  following  processes. 
The  materials  which  are  used  in  the  tests  must  be  perfectly 
free  from  K  and  xia. 

1081.  Decomposition  by  means  of  CaO. — The  finely- 
powdered  substance  is  mixed  with  its  own  weight  of  sublimed 
and  crystallised  XH^Cl  in  powder,  and  with  eight  times  its 
weight  of  pure  CaCOg  (see  next  page).   The  mixture  is  gently 
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heated  in  a  platinum  crucible  for  a  few  minutes,  and  is 
linally  kept  at  a  bright  red  heat  for  twenty  or  thirty  minutes. 
The  mass  will  not  fuse  as  a  whole,  but  sufficient  CaO  will  be 
<lissolved  by  the  fused  CaCl^,  and  thus  be  brought  into 
contact  with  the  silicates,  to  secure  their  decomposition. 

The  cool  substance  is  turned  out  of  the  crucible  if  possible, 
and  is  boiled  with  water  for  some  time  after  it  has  crumbled 
by  the  slaking  of  the  CaO.  The  liquid  is  then  filtered,  and 
AmoCOg  solution  is  added  to  the  filtrate  until  it  causes  no 
further  precipitate  of  CaCOg.  The  filtrate  from  this  precipi- 
tate is  evaporated  considerably,  and  is  then  freed  from  traces 
of  Ca  by  the  addition  of  Am^C.204.  The  clear  solution  will 
now  contain  chlorides  of  K,  Na,  Li,  if  these  metals  were 
present  in  the  original  substance.  They  may  be  tested  for 
by  the  right-hand  side  of  Table  V.  (IO35),  '^"^^^  ^^^^ 
spectroscope  (II3). 

The  Pure  CaCO.,,  wliich  is  required  lor  the  above  i)rocess,  is  prepared 
by  ilissolviiig  marble  in  HCl,  and  adding  powdered  marble  in  excess 
and  warming.  Tlie  solution  is  tlien  mixed  with  lime-water  or  milk 
of  lime  until  it  is  alkaline  in  reaction  :  magnesium,  calcium  phos- 
phate, and  iron  me  thus  precipitated.  This  solution  is  heated  to  about 
75'  C,  and  waiiu  AmjCiJg  solution  is  added  until  it  cau.ses  no  further 
precipitate.  The  precipitated  CaCO:j  is  filtered  off,  and  is  washed  well 
on  the  filter. 

1082.  Decomposition  by  means  of  HF.  —  The  finely- 
powdered  substance  is  evaporated  several  times  in  a  platinum 
dish  or  crucible  either  with  hydrofluoric  acid  and  subse- 
quently with  strong  H^SO^,  or  with  five  times  its  weight  of 
finely-powdered  calcium  fluoride  mixed  into  a  paste  with 
strong  H^'SOj. 

In  either  case  the  mass  is  hually  heated  until  no  more 
white  fumes  are  evolved.  The  cool  residue  is  then  boiled 
with  water ,  BaCU  solution  is  added  as  long  as  it  causes  any 
precipitate ;  then  AmH( )  is  added  in  excess,  and  Am^jCOg 
solution  is  poured  in  as  long  as  it  causes  any  precipitate. 

The  precipitate  is  filtered  oil',  and  the  filtrate  is  examined 
for  K  and  :N'a  by  Table  V.  (IO35),  ^^^^  t^lie  spectroscope 
(113)- 
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ANALYSIS  OF  SUBSTANCES  CONTAINING 
CYANOGEN. 

1083.  If  the  substance  to  be  analysed  is  foinid  to  contain 
cyanogen  (983),  the  usual  course  of  analysis  must  frequently 
be  somewhat  modified,  since  the  presence  of  cyanogen  might 
otherwise  produce  confusing  results. 

The  cyanogen  may  be  present  as  cyanide,  sulphocyanide, 
ferrocyanide,  ferricyanide,  cobalticyanide,  and  rarely  as  a 
manganocyanide  or  chromicyanide.  It  is  necessary  first  to 
ascertain  in  what  form  the  cyanogen  occurs,  by  trying  the 
following  preliminary  experiments  on  u  small  portion  of  the 
substance.  The  subsequent  procedure  is  explained  in  para- 
graphs I085-IO89. 

Preliminary  Examination. 

1084.  Boil  a  portion  of  the  substance  for  several  minutes 
with  KHO  solution.  Then  add  NaoCOg  solution  as  long  as 
it  causes  any  precipitate,  and  boil  again  for  several  minutes. 
Filter,  make  the  cold  filtrate  just  acid  with  HCl,  filter  if 
necessary,  and  test  separate  portions  as  follows: — 


Reagent  added. 

Result. 

Inference. 

1.  FeS04  .solution,  freshly  pre- 

2.  FeaClssohition 

3.  Add  ZnS04  solution  as  long 

as  it  causes  any  precipitate 

The  precipitate  produced  by 
ZnS04  should  be  filtered  off 
and   fused  into  a  colourless 
borax  bead. 

1  Blue  precipitate  .  . 
{ White  precipitate  . 

j  Blue  i)recipitate 
|_  Blood-red  coloration 

(  Light  brown  preci- ) 
<     pitate       .       .  f 
(  White  precipitate  . 

1^  A  blue  bead  is  pro- 1 
(    duced      .      .  / 

Presence  of  ferro-  or  ' 

ferricyanide. 
Probable  presence  of 

cobalticyanide. 

Presence  of  (FeCyG)'^'. 
Presence  of  (CyS)'. 

Presence  of  (FeC'yr,)"  . 

Presence  of  (FeCy6)'% 
(CoCye)'". 

Presence  of  (CoCyg)'". 

1085.  If  Cyanide  only  is  Present,  the  ordinary  course  of 
analysis  is  pursued,  but  it  will  be  necessary  to  remove  HCy 
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by  boiling  the  solution  for  some  time  after  adding  an  acid 

(looi,  1007). 

1086.  If  Sulphocyaiiide  only  is  Found  by  the  prelimi- 
nary tests  (1084),  ^^'^y  usually  be  decomposed  in  the  por- 
tion of  the  substance  which  is  to  be  examined  for  metals,  by 
pouring  upon  it  some  strong  HNO^  in  a  porcelain  dish  anrl 
boiling  down  nearly  to  dryness.  The  li(iuid  is  then  diluted 
and  boiled,  and  may  be  considered  as  Solution  III.  (lOOl), 
any  undissolved  residue  being  treated  as  is  there  directed. 

The  less  simple  methods  in  paragraph  1088  may  also  be 
employed. 

1087.  If  the  Presence  of  Ferro-,  Ferri-,  Cobalti-, 
Chromi-,  or  Mangano-cyanide  has  been  proved  by  the  pre- 
liminary tests  (1084),  two  methods  of  procedure  are  open  to 
the  analyst. 

Either  the  cyanogen  may  be  removed  from  the  substance 
before  commencing  the  analysis  {1088)  ;  or  the  substance 
may  be  examined  without  any  such  preliminary  treatment 
(1089). 

The  advantage  of  employing  the  more  complicated  method 
( 1089)  is  that  it  enables  the  analyst  to  decide  whether  the 
metals  are  present  in  cyanogen  acid-radicles  or  not.  It  also 
yields  a  more  precise  knowledge  of  the  constitution  of  the 
substance. 

1088.  Method  I. — The  Removal  of  the  Cyanogen  from 
the  Substance  may  be  effected  by  either  of  the  folloM-incr 
processes.  The  substance  may  then  be  examined  for  metals 
in  the  usual  way. 

1.  Pour  upon  the  powderod  substance  strong  H  ,SOj  in  a 
porcelani  crucible,  evaporate  to  dryness  and  ignite  the  residue 
strongly.  When  the  residue  is  cold,  dissolve  it  by  heatincr 
it  with  a  httle  strong  HCl,  then  adding  water  and  heating 
again. 

2.  Fuse  the  substance  in  a  porcelain  crucible  with  three  or 
four  times  its  weight  of  a  mixture  of  three  parts  of  Ani.SOj 
and  one  part  of  AmNOy. 


•410 


ANALYSIS  OF  COMPLEX 


[1089.] 


These  lines 
run  across 
both  pages. 


Method 

1089.  Boil  the  substance  with  water,  liltcr,  uiid  wash  the  residi 


Filtrate :  examine  this 
for  metals,  more 
especially  the  alkalis, 
and  for  acid-radicles 
according  to  the 
directions  given  for 
analysing  a  liquid 
(986). 

The  acid  -  radicles 
should  be  first  tested 
for  in  a  portion  of 
the  solution,  and  if 
(FeCy6)iv,  (FeCyc)'", 
(CoCyo)'",  one  or 
more  be  found,  the 
solution  must  be 
evaporated  to  dry- 
ness with  HNO3,  and 
the  residue  stron^'ly 
heated  (General 
Table  1007)  after 
filtering  from  the 
HoS  precipitate,  in 
order  to  destroy 
these  cyanogen  radi- 
cles. The  Fe,  Co, 
&c.,  in  the  cyanogen 
acid-radicles  will 
then  be  detected  in 
the  General  Table 
(1007). 


Residue:  boil  withKHO  solution  for  several  minutes,  then 
and  boil  again  ;  filter  and  wash  the  residue  :— 


Filtrate :  pass  HaS,  and  if  it  causes  any  precipitate  contiun 
KHO*,  heat  and  filter  :— 


Precipitate :  wash  well  with  boiling 
water,  and  boil  the  precipitate  with 
strong  HNO3,  a  black  residue  of 
HgS  may  remain,  filter  this  ofi' 
after  diluting  the  acid,  and  confirm 
the  presence  of  llg  in  the  precipi- 
tate hy  heating  it  with  NajCOs  in 
a  bulb-tube  (282). 

The  filtrate  (or  solution  if  HgS  is 
absent)  is  evaporated  to  dryness, 
the  residue  is  then  dissolved  in  a 
little  hot  strong  HCl,  the  solution 
is  much  diluted,  satui'ated  with 
HoS,  and  filtered  :— 


Precipitat" :  exa- 
mine for  Pb  and 
Cu  by  Table  II. 
(1025). 


Filtrate:  add 
AmCl.AmHO 
in  excess,  and 
AmoS,  and 
examine  for 
Zn,  Mn,  Ni, 
Co,  &c.  (1064), 


Filtrate :  add  dilute^ 
saturation  and  filter 


Predjntate :  boil  with 
KHO,  filter  olf  any 
black  precipitate 
and  examine  it  for 
Hg  by  heating  it 
with  NazCOs  in  a 
bulb-tube  (282). 

Add  to  the  filtrate  or 
solution  UCl  until 
it  is  acid,  pass  H2S 
to  saturation,  and 
examine  for  As,  Sb, 
Sn,  (Pt.  An),  by 
Table  II.,  ronuiienc- 
ing  at  1026. 


i  

*  If  HoS  causes  a  precipitate,  NaHS  or  KHS   may  be  added,  drop 
fiUra'fl  ;  Uiis  may  be  doue  instead  of  passing  H^S  to  saturation   and  tlaea" 
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(Freseiiiiis). 

with  boiling  water,  adding  the  washiugrf  to  tlie  iiltrate. 


some  Ma._.C'03  solution  as  long  as  it  causes  any  precipitate  in  the  solution  or  the  filti-ate, 


to  pass  the  gas  until  the  liquid  is  saturated,  then  add  more 


HNO3  gradually  until  the  liquid  is  just  acid,  pass  lUS  to 


Filtrate:  Divide  info  two  parts,  a,  [3: 


Examine  for  acid  radi- 
cles in  the  usual  way, 
testing  for  (CoOyfl)"' 
by  adding  excess  of 
ZnS04,  filtering  and  try- 
ing whether  the  precipi- 
tate gives  a  blue  bead 
with  borax. 


13. 


Evaporate  to  dryness  and  fuse 
the  residue  :  when  cold  boil  it 
with  water  and  filter  :— 


Jiesidue:  dis- 
solve in  HCl, 
and  test  for 
Al,  Fe,  Mn, 
LV)  (100^) ;  the 
last  three  if 
found  were 
present  as 
c  ya  n  o  gen 
acid-radicles. 


Filtrate :  aci- 
dify aportion 
if  yellow, 
with  HA  and 
add  TbAg,  a 
yellow  preci- 
pitate shows 
(CrOj)",  the 
Cr  having 
been  present 
as  cyanogen 
acid-radicle. 

Test  another 
part  for  Al  l)y 
adding  IlCl 
in  excess, 
then  AniHO 
in  excess. 


liesidue  :  dissolve  and 
examine  for  metals 
in  the  usual  manner 
(1007) 

Ve,  Co,  Mu,  Or,  if 
found  in  this  residue, 
were  not  present  in 
cyanogen  acid-radicles. 


drop,  until  it 
adding  KHO. 


no  longer  gives  any  precipitate  in   the  liquid 


or    in  the 
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1090.  GENERAL  GROUP  TABLE  EORi  fji 


Group  /.— Keageiit  HCl. 


The  Group  Pp.  may  contain  in  addi- 
tion to  AgCl,  Lig^Ch.PbCU  :— 
TlCl  (white). 

n.,nou  „  )• 

TlCl  will  usually  be  rearlily  detected 
by  a  spectroscopic  examination  of 
the  group  pp.  It  may  he  i-emoved 
from  the  group  pp.  liy  boiling 
with  a  little  water,  and  pp'i  from 
the  cold  filtrate  by  KI  (Pb  is  also 
thus  pp''-):  the  pp.  is  yellow,  and 
gives  tlie  tliallium  spectrum. 

H-AVO^:  a  white  pp.  becoming  yellow 
o"u  boiling.  Its  presence  is  con- 
firmed by"  dropping  a  piece  of  Zn 
into  a  portion  of  the  acid  liquid  and 
pp.,  when  a  deep  bhie  colour  will  be 
obtained. 

Also  by  fusion  of  the  pp.  in  a 
microcosmic  bead,  which  will  be 
colourless  or  yellow  in  the  outer 
flame,  blue  (or  with  FeS04,  blood- 
red)  in  the  inner  flame. 


Group  //.—Reagent  HjS. 


The  Group  Pp.  may  contain  as  siilphidj'.it,  in 
addition  to  Ug,  Pb,  Bi,  Cu,  Cd  : — 


Insoluble  in 
AmoS. 


Pd  (black-brown) 
Tl  (blade) 
[Os,  Jih,  liu.*] 
And  in  addition  to  SnS,  SnS-i,  Sb-^Si,  As-.Sz, 
A  u.,S3,  PtS-i  :— 

i/7--sidi)hide*]  \ 

Mo-      „       (brown  [    Soluble  iji 

Se-       ,.       (red-yellow)  {       AmjS . 

Te-      „       (black)  ) 

The  yellow  colour  of  a  solution  containing  V 
is  changed  to  blue  by  HqS  . 


L. 


Tl  is  readily  found  by  the  spectroscope  in  tho 
group  pp. 

Pd  will  remain  in  solution  in  excess  of  AmHO 
with  Cd  and  Cuin  Table  II.  A  :  from  this  solution 
it  is  pp  J-  Ijy  adding  HCl :  its  presence  may  be 
further  confirmed  by  the  HgCy.j  or  KI  tests 
(350-  351).   

The  examination  of  the  sulphides  in  Group  II. B 
when  the  above  elements  may  be  present  is  best 
commenced  by  fusion  with  Na.jCOg  and  NaNOj. 
From  the  fused  mass,  water  dissolves  sodium- 
arsenate,  -molybdate,  -selenate,  and  -tellurate, 
leaving  SnO._„  sodium-antimonate,  Au,  Pt,  and 
Ir  undissolved ;  the  elements  may  then  be  de- 
tected by  special  tests.  For  the  separation  and 
detection  of  the  platinum  metals  a  special  work 
must  V)e  consulted. 


I 
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*  Only  completely  pp''  if  the  liquid  has 
warmed,  and  HjS  passed  for  a  long  time. 


been 
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PKECirLTATlON  OF  KAREK  ELEMENTS. 


0U2)  /  //.—Reagents  AmCl, 
AuiHO,  and  AmjS. 


e  Grmip  Pp.  wa>i  contain 
8  sulphides,  in  addition  to 
'e,  Zn,  Mn,  Ni,  Co: — 

[T  (black  brown.) 
In(  „  „  ) 
Tli  „  ) 

d  ax  hiidrates  in  addition 
I  Al,  Cr  («/td  phosphati'.f, 
c.  :)~ 

(white,  lloceulent.) 
(colourless,  gelatinous). 

] 

T,  m,  Ce,  La,  m,  Y,  E, 

and  In  will  usually  be 
adily  detected  by  a  spec- 

•oscopic  e.xaniinationof  the 

P- 

"lay  be  first  separated  and 
tected  by  dissolving  some 
f  the  itroup  pp.  in  boiling 
'lute  HCl,  and  reducing 
y  Fe  present  in  the  solu- 
on  by  H2SO3 ;   then  pre- 
pitating  Tl  by  addition  of 
I,  and  testing  the  i)p.  by 
e  spectroscope. 


I'recipitated  from  the 
filtrate  from  Group  HI.  by 
excess  of  HCl. 


ore  complete  scheme  for 
e  analysis  of  this  group 
will  be  found  in  par. 

I. 


A  s  milphides : — 
(black). 

(trace,  brow)i). 
Ni  (trace,  black). 


This  pp.  is  dried  and  then 
fused  vfith  a  mixture  of 
.Va...C03  and  KNO3  :  on 
boiling  the  mass  with 
water,  HiO  remains  undis- 
solved; it  is  filtered  off, 
and  its  presence  con- 
firmed by  fusion  in  a 
borax  bead. 

The  acjueous  solution  may 
contain  alkaline  vanadate 
and  tungstate.  V  is  sepa- 
rated by  saturating  the 
liquid  with  AmCl,  and  its 
presence  confirmed  in  the 
pp.  by  the  borax  bead, 
and  by  dissolving  the  pp. 
in  HCl  and  eniplojing  the 
reactions  witli  H2O2  and 
with  Zh  (27s,  273;. 

Tlie  filtrate,  after  concen- 
tration if  necessary,  is 
acidified  with  HCl,  and 
the  presence  of  W  con- 
firmed by  the  Zn  reaction 
and  the  raicrocosmic 
bead  (397,  400). 


Group  V. 


The  filtrate,  after  the  separa- 
tion of  all  the  group  pre- 
cipitates, may  contain  be- 
sides Mg,  K,  and  Na  : — 

Li,  Cs,  Rb. 


These  metals  are  readily  de- 
tected by  their  very  char- 
acteristic spectra  (116). 

LiC'l  may  also  be  detected  by 
its  behaviour  with  Na2HP04. 

Before  proceeding  to  the  spec- 
tioscopic  examination,  it  is 
well  to  convert  the  metals 
into  c-hlori(ies  if  tliey  arc 
not  already  iu  that  form. 

I  f  the  chlorides  are  evaporated 
to  dryness  and  extracted 
with  absolute  ether  and 
alcohol,  to  which  a  few 
drops  of  HCl  have  been 
added,  LiCl,  libCl,  CsCl  dis- 
solve,whilst  the  greater  part 
i>f  the  KCl  and  NaCl  re- 
mains undissolved. 

The  solution  is  evaporated  to 
dryness,  dissolved  in  a  little 
HCl,  and  Kb  and  Cs  are  pp"*-  ; 
l)y  I'tCl.,  :  this  pp.  is  boiled 
witii    small   ((uantities  of  I 
water  until  it  no   longer  [ 
gives  the  K  spectrum,  the 
spectra  of  lib  and  Cs  will 
then  be  seen,  if  piesent. 
Li  is  found  in  the  filtrate 
from  the  l't(  l4  precipitate. 


I 


414  ANALYSIS  OF  A  COMPLEX  SUBSTANCE.  [l091.] 


lOQI. — Table  for  Analysis  of  Group  III.  Precipitate, 
The  precipitate  may  contain  Fe,  U,  In,  Tl,  Al,  Cr,  Zu, 


After  a  preliminary  spectroscopic  exiimination  has  been  made  of  a  small  portion  of  tlio 
the  General  Table  C ioqo\  the  group  pp.  is  dried  and  fused  in  platiiuini  with  KH.SO^  for 
long  time  with  cold  water  :— 


Residue :  may  con- 
tain Ta^Oa,  NI'oOs, 
also  SiOo,  and  traces 
of  Fe  and  Cr  which 
have  escaped  solu- 
tion. By  fusion  with 
KCIO3  and  KaHO, 
Cr  and  Si  are  ren- 
dered soluble  in 
dilute  NaHO ;  from 
the  residue,  in- 
soluble in  KaHO, 
Ta-jOs  and  NbaOj 
may  be  removed  by 
washing  with  dilute 
NajCOa  solution. 


Solution:  reduce  Fe  by  adding  H.,S03  in  excess,  dilute  consider- 
covering  the  vessel,  and  by  passing  a  ftreain  of  CO.. 


Pp.  may  consist 
of  Ti02,  pos- 
sibly also  traces 
of  Zr. 

Confirm  the  pre- 
sence of  Ti02 
by  the  micro- 
cosmic  bead 
(267;. 


Filtrate :  add  a  few  drops  of  strong  HNO3, 
and  precipitate  once  more  by  adding  excess 


Pp.  may  contain  Fe,  In,  U,  Cr,  Al,  Be,  itc. 


Pp.  may  contain  Fe,  In,  U,  &c.  Dissolve 
large  excess  of  II  CI,  add  BaCOs,  and  let 


Pp.  may  contain  Fe,  In, 
U,  also  traces  of  Al 
and  Cr. 

It  is  dissolved  in  fICl, 
and  KaHCOs  i.s  addetl 
in  excess,  whereby  U 
alone  is  obtained  in 
solution. 

In  is  found  by  the  spec- 
troscope : 

Or  by  fusion  with 
Na^COs  and  KCIO3  . 


Filtratema.y  contain 
Th.  Ba  is  pp*-  by 
H.^SOj,  the  liquid 
exactly  neutralised 
of  K  jSOi  are  added, 
allowed  to  stand  for 
pp.  is  washed  with 


J'p.  mav  contain  Zr, 
Th,  Ce. 

Th  and  Ce  are  dis- 
solved away  by 
boiling  vrtth  dilute 
HCl,  and  are  repp<*- 
by  Am  HO. 


^4  it 
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KAKEK  ELEMENTS  I\  GROUP  III. 
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WHEN  THE  Rarer  Elements  may  be  present. 

Mn,  Ni,  Co,  Ti,  Be,  [Zr,  Tu,  Nb,  Cc,  La,  Di,  Y,  E,  Th]. 


pp.  for  Tl  and  In,  and  Tl  has  been  furtlier  tested  for,  if  necessary,  by  KI  as  directed  in 
some  time,  the  cold  mass  is  then  powdered  and  allowed  to  stand,  with  shaking,  for  a 


ably  and  boil  for  a  long,  time,  preserving  the  li(inid  from  oxidation  by  tlie  air  by 
unless  it  smells  constantly  of  SO.,  :— 


concentrate  by  evaporation,  and  add  AmHO  in  excess:  filter,  dissolve  the  pp.  in  HCl 
of  AmHO  :— 


Dissolve  it  in  HOI,  and  add  excess  of  cold  strong  KHO  solution  :— 


in  HCl,  boil  off  any 
stand  :— 


Zr,  Ce,  La,  Di,  V,  E, 
adding     excess  of 
is  concentrated  and  \ 
with  KHO.   (.'rystals  : 
and  the    li(|uid  is 
some    hours.     Tlie  [ 
K.J.S04  solution. 


Filtrate  may  contain  Al,  Cr,  Be  :  dilute  ami 
bod  for  some  time,  Hlter.  Al  remains  in  solu- 
tion, and  ina.v  be  pp''-  by  adding  HCl  just  in 
excess,  then  AmHO  in  excess. 

Cr  and  Ik-  are  separated  by  fusion  with  Na.^COj 
and  KCIO3,  dissolving  in  water  and  pp"-  Be 
by  adding  HNO3  in  excess,  then  AmHO  in 
excess. 


Sol*,  may  contain 
y,  E,  also  Be. 

The  solution  is 
pp-"-  by  AmHO, 
and  Be  dissolved 
away  from  it  by 
H..C..U4. 


Filtrate 
contain  :- 

Zn.  -Mn.  Ni, 


may 

,Co.i 


416 


[1092.] 


GENERAL  METHODS  FOR  DETECTING 
ORGANIC  SUBSTANCES. 


The  presence  of  the  eonstitueut  elements  of  an  organic  snbstanco 
may  be  detected  by  the  processes  mentioned  in  paragrajihs  631-643. 

In  the  following  scheme  provision  is  made  for  detecting  the  organic 
snbstances  whose  reactions  are  given  in  paragraphs  647-892.  ^ 


Introductory  Remarks. 

1092.  The  Detection  and  Identification  of  an  Organic 
Substance  is  usually  more  difficult  thau  the  detection  of  an 
inorganic  substance.  This  is  especially  the  case  when  a 
mixture  of  organic  substances  has  to  be  dealt  with. 

Since  no  detailed  scheme  of  separation  is  possible,  recourse 
nmst  be  had  to  several  partial  separations  such  as  the  pre- 
cipitation of  one  or  more  of  the  substances  in  an  insoluble 
form,  or  the  use  of  a  suitable  liquid  which  is  a  solvent  for 
certain  substances  but  not  for  others.  Sometimes  the  sub- 
stances may  be  separated  by  the  application  of  heat,  the  more 
volatile  substance  passing  off  as  vapour  and  leaving  the  non- 
volatile body  behind. 

The  suggestions  and  Tables  which  are  given  below,  will 
give  considerable  assistance,  but  reference  to  the  special  tests 
■  and  differences  which  are  mentioned  in  paragraphs  647-892 
will  usually  be  necessary. 

It  should  be  remembered  that  considerable  acquaintance 
with  the  reactions  and  properties  of  organic  bodies  is  neces- 
sary before  they  can  be  recognised  with  certainty. 


[1093,  1094.] 


OF  ORGANIC  SUBSTANCES. 
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SCHEiNrE  FOR  THE  DETECTION  OF  ORGANIC 

SUBSTANCES. 

1093.  Notice  the  Physical  Properties  of  the  Substance, 

such  as  its  colour  and  smell;  also  whether  it  is  solid  or 
liquid,  and  amorphous  or  crystalline.  The  determination  of 
the  melting-point,  boihng-point,  and  specific  gravity  may 
sometimes  bo  of  assistance;  these  properties,  however,  are 
only  of  use  when  the  substance  is  in  a  state  of  purity  and  is 
luimixed  with  any  other  substance. 

1094.  Ascertain  what  Changes  the  Substance  imdergoes 
when  it  is  Heated,  whether  it  is  volatile  or  fusible,  and 
whether  any  gases  or  vapours  are  evolved. 

The  test  is  made  by  heating  a  small  quantity  of  the  sub- 
stance in  a  test-tube,  so  as  to  prevent  any  considerable  change 
from  oxidation  occurring  by  free  contact  with  air.  The 
results  which  may  be  obtained  are  tabulated  in  paragraph 
1095. 

It  is  well  to  repeat  this  test  by  heating  the  substance  to  a 
high  temperature  in  free  contact  with  the  air  (1096).  The 
result  thus  obtained  indicates  whether  any  non-volatile  and 
incomlnistible  substance  is  present,  since  this  will  remain  as 
a  residue.  Tiiis  residue  will  usually  consist  of  metal,  either 
free  or  as  oxide  or  carbonate ;  and  the  examination  for  the 
metal  is  easily  effected  by  applying  the  ordinary  analytical 
methods  to  this  residue. 


2  D 
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SCHEME  FOR  THE  DETECTION  OF 


[1095.] 


1095.  Effect  of  Heating  the  Substance  in  a 

Test-tube. 


ixesuj  t. 

Tllf  AVATIPP 
JLIIJLCI  CIJ^Cs 

a.  The  substance 
volatilises,  leav- 
ing no  residue. 

The  vapour  is  non-inflammable. 
The  vapour  burns  with  a  pale  blue 
llanie. 

The  vapour  burns  with  a  blue  flame. 

The  vapour  burns  with  a  pale  blue 
flame  ;  slight  charring  occurs. 

The  vapour  burns  with  a  smoky 
flame. 

The  vapour  burns  with  a  luminous 
flame. 

The  vapour  is  acid  and  pungent, 
and  inflammable. 

Chloroform. 

Alcoliol,  aldehyde. 
Chloral,  carbon 
disulphide. 

Glycerol. 

Aniline,  benzene, 

turpentine. 
Ether,  ethyl  ace- 

tate,benzaldehyde, 

or  nitrobenzene. 
Formic   acid,  or 

acetic  acid. 

b.  The  substance 
fuses,  and  vola- 
tilises without 
residue. 

The  vapour  burns  with  a  smoky 

flame. 
NH3  is  smelt. 

Pungent  fumes  yielding  a  white  sub- 
limate. 

Pungent  fumes,  burning  with  a  smoky 

flame;  and  sublimate  formed. 
A  slight  explosion. 

Phenol. 
Urea. 

Oxalic    acid,  or 
succinic  acid. 

Benzoic  acid. 
Picric  acid. 

c.  The  substance 
fuses  and  chars. 

It  chars  slowly,  evolving  CO,  &c. 
It  chars  slowly,  evolving  acetone. 
It  emits  a  smell  of  charred  sugar. 

It  emits  a  smell  of  burnt  wool,  and 
NH3. 

It  evolves  phenol,  which  burns  with 

a  smoky  flame. 
Violet  vapour  of  I. 
White  crystalline  sublimate. 

Formate. 
Acetate. 

Tartaric  acid,  cit- 
ric   acid,  malic 
acid,  pyrogallol, 
all  sugars,  nieco- 
nic  acid. 

Urate,  albumen,  or 
gelatin. 

Salicylate. 
Iodoform. 
Hydroquinone. 

d.  The  substance 
chars  without 
fusing. 

A  carbonate  remains. 
It  emits  a  smell  of  burnt  sugar. 
It  evolves  orange-coloured  vapour. 
It  evolves  i-ed  vapour. 

Succinate. 
Starch,  cellulose. 
Tannate. 
Gallate. 

e.  The  substance 
neither  chars  nor 
fuses. 

A  carbonate  remains  (505). 

Oxalate. 

f.  The  substance 
fuses  to  a  coloured 
liquid. 

The  liquid  is  reddish  ;  vapour  of  un- 
pleasant smell  is  emitted,  which 
j      burns  with  a  smoky  flame. 

Hippui-ate,  or  an 
alkaloid. 

g.  The  substance 
fuses,  and  evolves 
cyanogen. 

No  further  special  observations. 
A  smell  of  HoS  is  also  noticed. 
The  substance  darkens  in  colour. 

Cyanide. 
Sulphocyanide. 
Ferrocyanide,  or 
ferricyanide. 

[1096-1098.]  ORGANIC  SUBSTANCES.  .  419 

1096.  Ascertain  whether  any  Metals  are  Present.  Heat 
the  substance  on  a  piece  of  tliin  porcehain,  and  if  a  black 
residue  of  carbon  is  left,  l)urn  oil"  the  carbon  by  heating  it 
strongly  in  the  blowpipe-flame  (Exp.  81,  105).  One  of  the 
following  results  may  be  obtainetl. 

(rt)  A  Cohmretf  Bemfne  may  remain  and  will  probably  be 
due  to  the  presence  of  a  metal  which  produces  a 
coloured  oxide.  The  residue  may  be  examined 
directly  by  paragraph  991,  and  then  after  solution 
(lOOl)  by  the  General  Table  (IOO7). 

{!>)  A  White  Residue  may  remain,  which  when  it  is  mois- 
tened with  water  shows  an  alkaline  reaction  to  test- 
paper :  this  may  be  caused  by  the  presence  of  K, 
A' a,  Ba,  Sr,  Ca,  or  Mg  in  an  organic  salt.  The 
residue  may  be  examined  by  the  preliminary  tests, 
990,  991,  and  may  then  be  dissolved  (loOl)  and 
examined  by  the  General  Table  (1007). 

1097.  the  Substance  with  Powdered  Soda-lime  and 
heat.    Xote  particularly  any  of  the  following  changes. 

{a)  A  Swell  of  Ammonia,  which  is  evolved  from  nitro- 
genous substances,  such  as  ammonium  salts,  urea, 
albuminous  bodies,  alkaloids,  urate,  and  hippurate. 

Nitro-compounds,  such  as  nitrobenzene  and  picrate, 
do  not  give  off  ammonia  when  they  are  heated  with 
soda-lime. 

{h)  Aniline,  evolved  from  aniline  compounds. 
{(')  Benzene,  evolved  from  benzoate  or  hippurate. 
(il)  Phenol,  evolved  from  salicylate. 

1098.  Try  the  Action  of  Strong  Sulphuric  Acid  upon 
the  Substance,  both  in  the  cold,  and  on  heating :  the  results 
which  may  be  obtained  are  tabulated  in  paragraph  IO99. 

Aoie.— This  test  may  be  supplemented  by  heating  the  substance 
with  dilute  H2SO4,  since  formates,  acetates,  and  cyanogen  compounds 
may  be  frequently  detected  by  this  means. 
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DETECTION  OF  ORGANIC  SUBSTANCES.  [l099.] 


1099.  Effect  of  adding  Strong  HoSO^  to  the  Substance, 
OR  to  its  Strong  Solution,  and  then  Heating. 


Result. 

Observation. 

Inference. 

a.  No  change  oc- 
curs in  the  cold, 
oTid   *>ifhpr  little 
or  no  charring  on 
heating. 

CO  evolved  ;  no  charring. 

HA  evolved  ;  no  charring. 

en  111(1  00.1  evolved  ■  no  charring. 

I'ungent  fuines ;  no  charring. 

Slowly  darkens;   irritating  fumes 
evolved. 

Slowly  darkens  ;  acid  fumes,  then 
CO  and  CO-i  evolved. 

Slowly  darkens ;  CO  and  00-2  evolved. 
(Difference  from  tartrate,  &c.) 

Slowly  darkens;  pungent  fumes 
evolved. 

Effervesces ;  slowly  darkens. 

HON  evolved  ;  no  charring. 

HCN  and  finally  CO  evolved  ;  white 
precipitate. 

CO  evolved,  and  liquid  becomes  tur- 
bid. 

SO2  evolved ;  yellow  S  formed. 
Slight  charring. 

Formate. 
Acetate. 
Oxalate. 

Chloral ;  chloro- 
form. 

Succinate,  or  ben- 
zoate. 
Malate. 

Citrate. 

Urea. 

Urate. 

Cyanide. 

Fenicyanide. 

Ferrocyanide. 

Sulphocyanide. 
Meconic  acid. 

curs  in  the  cold, 
but  the  substance 
turns  dark  -  col- 
oured,   or  chars, 
when  it  is  heated, 

Frao-rant  smell;  vapour  burns  with 
a  smoky  flame ;  SO-i  is  evolved,  and 
charring  occurs.  (Conflrmby  734.) 

Acrolein  is  smelt ;  and  ultimately 
SO^is  evolved  with  much  charring. 

CO  and  SO2  are  evolved,  with  gradual 
charring. 

CO,  CO.2,  and  SO2  are  evolved,  with 
rapid  charring. 

SOo  is  evolved,  and  charring  occurs. 

The  substance  then  turns  reddish- 
brown,  evolving  CO2  and  pungent 
fumes. 

The  substance  turns  brown,  and 

SO2  is  evolved. 
A  vivid  red  coloration  is  proauceu, 

and  SOo  is  evolved. 
Characteristic  smell,  then  charrnig, 

and  evolution  of  SO2. 

Alcohol. 

Glycerol. 

Glucose. 

Tartrate. 
Hippurate. 

Salicylate. 
Tannate. 
Gallate. 
Turpentine. 

c.  The  substance 
becomes  coloured 
in  the  cold ;  the 
colour  deepens  on 
heating. 

Pale  brown,  cold;  blackening  on 
heating. 

Yellow,  cold  ;  puce,  on  heating. 

Pink,  cold  ;  blackening  on  heating. 

Yellow,  cold;  charring  on  heating, 
and  evolving  CO  and  SOo. 

Brown,  cold;  charring  rapidly,  and 
evolving  CO  and  SO2.  Solid  cane- 
sugar  gives  these  changes  slowly. 

Chars  at  once,  forming  white  aniline 
sulphate. 

Quinine,  cinchon- 
ine,  morphine,  or 
strychnine. 

Narcotine. 

Brucine. 

Starch. 

Cane-sugar. 
Aniline. 

♦ 

A 
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1 100.  Test  if  the  Substance  is  Soluble  in  or  Miscible 

with:— (1)  Cold  water,  (2)  hot  water,  (3)  alcohol,  and  (4) 
ether. 

Valuable  information  can  frequently  be  obtained  from  this 
treatment  with  solvents,  since  it  affords  a  ready  means  of 
effecting  the  separation  of  substances  from  one  another,  if  a 
suitable,  solvent  can  be  found.  The  solubility  of  many 
organic  substances  is  stated  in  the  following  Table  (lIOl) : — 


IIOI.  Solubility  op  Organic  Substances  in  Water, 
IN  Alcohol,  and  in  Ether. 

•s  =  soluble,  i  =  insoluble,     =  slightly  soluble,  vs  =  \eTy 
soluble,  and  vss  =  very  slightly  soluble. 


NAME  OF  substance. 


ACIUS— 

Formic, 
Acetic, 
Oxalic, 
Succinic,  . 
Benzoic,  . 
Malic, 
Tartaric,  . 
Citric, 
Salicylic,  . 
Tannic, 
Gallic, 
Mecouic,  . 
Uric, . 
Hippuric,  . 
Picric, 

ALKALOIDS-^ 

<iuinine,  . 
Cinchoniue, 
Morphine, 
Strychnine, 
Narcotine, 
Brucine,  . 
CaiTeine,  . 

HYDROCAKBONS- 

Tiirpentine, 
r>enzcuc,  . 


HALOID  COMPOUNDS 

Chloroform, 
Iodoform, 


WATER. 


COLD. 


vs 
vs 
s 
ss 
ss 
vs 
s 
s 
ss 
s 
ss 
ss 
vss 

vss 


I 

i 

vss 
i 
i 

ss 
ss 


HOT. 


vs 
v.s 
vs 
vs 

« 

vs 

s 

s 

s 

s 

s 

s 

vss 
s 
s 


1 

vss 
i 
i 

ss 
s 


ALCOHOL. 


vs 

vs 

vs 

s 

s 

vs 
s 
.s 
s 

ss 
s 
s 
ss 
s 
s 


vss 
ss 
s 

s  (hot) 
ss 
s 
ss 


vs 
s 
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NAME  OF  fetiBSTANCE. 

WATER, 

ALCOHOL. 

ETHER. 

COLD. 

HOT. 

ALCOHOLS  AND 

PHENOLS— 

Methyl  alcohol, 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

KJ  ij  Kj\^l  yJif     •             •            •  • 

s 

s 

s 

vs  (hot) 

i 

JTIICUUI,         ■             •             •  • 

s 

E 

s 

Hydrotiuinone, 

s 

S 

s 

s 

Pyrogallol, 

vs 

VS 

vs 

s 

ALDEHYDES— 

-T  01  nitiuieiij  tic, 

ss 

ss 

s 

i 

Acetaldehyde,  . 

vs 

vs 

s 

s 

Chloral,  .... 

s 

s 

vs 

licnzaldeliyde,  . 

s 

s 

vs 

AMIDO-COMPOUNDS— 

Ui'Ga        *      •      •  • 

vs 

vs 

vs 

ss 

Aniline,  .... 

vs.s 

vss 

s 

s 

Acetone,  .... 

s 

s 

s 

s 

Ether,  .... 

ss 

ss 

vs 

>  s 

Ethyl  acetate,  . 

vs 

vs 

vs 

vs 

v/ai  i>on  iiisuij)iin-te,  . 

i 

i 

vs 

vs 

i 

i 

s 

s 

CAKBOHYDRATES  AND 

ALBTJMINOTJS  COM- 

POUNDS— 

A^t/Aiil  UoC,    •             .             •  • 

vs 

vs 

s 

S  (CH3.OH) 

i^t^vuiuaUj  .... 

s 

s 

s 

Cane-sugar, 

vs 

vs 

ss 

i 

Maltose,  .... 

s 

s 

s 

1 

Milk  sugar, 

ss 

ss 

vss 

i 

Cellulose, .... 

i 

i 

i 

i 

Starch,  .... 

i 

s 

i 

i 

Dextrin,    .      .       .  ■ 

s 

s 

i 

i 

Albumen,  .... 

s 

s 

i 

i 

Gelatin,    .      .      .  . 

i 

s 

i 

i 

s=soluble,   i  =  insoluble,   ss  =  slightly  soluble,   vs  =  very  soluble, 
vss  =  very  slightly  soluble. 


1 102.  The  Presence  of  an  Alkaloid  may  be  ascertained 
by  the  apphcation  of  the  general  tests  given  in  paragraphs 
735-738-  The  identification  of  tlie  particular  alkaloids  present 
may  usually  be  effected  by  carefully  extracting  the  alkaloids 
with  warm  pure  alcohol  acidified  with  dilute  HCl.  The 
excess  of  alcohol  is  then  driven  off,  and  the  extract  is  diluted 
with  water  and  tested  by  paragraphs  739-785. 

1 103.  The  Presence  of  Organic  Acids  or  their  Salts 

can  usually  be  determined  by  the  formation  of  charac- 
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teristic  insoluble  compounds  with  the  metals  iron,  calcium, 
silver,  or  lead  by  precipitation  (1104,  II05,  II06). 

The  acid-radicles  should  be  present  in  sodium,  potassium, 
or  ammonium  salts,  since  other  metals  interfere  more  or  less 
seriously  with  their  detection  by  these  tests. 

(a).  If  alkali-metals  only  are  present,  the  solution  to  be 
tested  must  be  rendered  neutral  or  ver//  faintly  alkaline. 
The  most  suitable  reagent  to  be  added  for  producing  this 
condition  is  dilute  HiSTOo  or  sodium  hydrate  solution.  Ac- 
cording to  the  reaction  of  the  solution,  one  or  the  other  of 
these  reagents  is  used,  and  is  added  until  the  solution  does 
not  affect  the  colour  of  test-papers. 

(/>).  If  metals  other  than  the  alkali-metals  are  present,  the 
substance  must  be  boiled  with  excess  of  Na.>CO.,  solution, 
filtered,  and  acidified  with  HNO3 ;  the  CO^  is  then  boiled  off 
and  the  solution  is  carefully  neutralised  with  NaHO. 

('•).  If  metals  of  Group  II.  or  III.  are  present  the  following 
treatment  may  be  requisite  in  order  to  ensure  their  removal. 
The  solution  is  acidified,  if  it  is  not  already  acid,  with  dilute 
1 1 01,  and  ILS  is  passed  to  saturation:  the  liquid  is  then 
filtered,  and  AmHO  and  Am^S  are  added  to  the  filtrate  :  the 
liquid  is  then  filtered  again  and  the  filtrate  is  reserved.  The 
filtrate  will  contain  the  organic  acid-radicles  in  ammonium 
salts,  together  with  excess  of  Am^S.  Its  further  treatment  will 
depend  upon  whether  other  metals  (Ba,  Sr,  Ca,  Mg)  are  present. 

If  no  other  vietals  are  premit,  acidify  the  liquid  with  dilute 
nCI,  boil  off  the  liberated  II.^S,  filter  if  necessary,  and 
neutralise  the  filtrate  with  l^aHO.  This  liquid  may  now  be 
tested  with  the  reagents  mentioned  in  pars.  II04,  II05  ( Note). 

If  other  metals  are  present,  acidify  with  dilute  HCl,  boil  off 
the  H^,S,  add  Na^COg  solution  in  excess,  filter,  acidify  with 
IINOy,  boil  off  CO.,,  and  carefully  neutralise  with  NallO  : 
then  proceed  to  test  the  liquid  by  pars.  1 104,  II05  {Note). 

Note.—k  seijarate  solution  of  the  original  substance  must  be  pre- 
pared for  the  AgNO..j  test  (1106),  in  whioli  dilute  HNO,  is  used  instead 
of  HCl,  else  the  AgNO^j  solution  will  give  a  white  precipitate  of  AgCl 
which  may  be  mistaken  for  an  organic  salt. 
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The  results  given  by  the  tests  in  pars.  IIO4,  II06  with 
very  dilute  solutions  are  not  pronounced,  and  are  in  some 
cases  not  even  visible,  and  strong  solutions  should  always 

be  employed.  .  u  j  ,  -i 

It  will  be  seen  that  the  results  which  are  yielded  by  other 
substances  besides  the  organic  acid-radicles  are  given  in 
paragraph  IIO4. 
1104.  Action  of  YeC],  Solution  on  Neutral  Solution 
OP  Organic  Substances. 


Result. 


a.  A  red  coloration 
is  produced  in 
the  cold. 


b.  A  purple  colora- 
tion is  produced 
in  the  cold. 


c.  A  blue  -  black 
precipitate  is  pro- 
duced in  the  cold. 


Observation. 


The  coloration  is  destroyed  by  HgClo 
solution,  and  is  unaltered  by 
dilute  HCl. 

Tlie  coloration  is  destroyed  by  dilute 
HCl ;  a  red  precipitate  forms  on 
boiling.  . 

(Diff.).  In  the  original  solu- 
tion AgNOij  gives  a  black  preci- 
pitate in  hot  solution. 

(Diff.).  Strong  H.2SO4  gives  a 
smell  of  HA. 

The  coloration  is  with  difficulty  de- 
stroyed by  HCl. 

CaCl2  produces  a  white  precipitate  in 
the  original  sohitiou  on  boiling. 
(Diff.  from  formate  and jicetate.) 

Coloration  destroyed  by  HA,  but  not 
by  HCl. 


Inference. 


Sulphocyanide. 

Formate,  or 
acetate. 


Formate. 

Acetate. 

Meconate. 


Pyrogallol. 


Purple  colour  not  destroyed  by  HA. 
A  salicylate  when  heated  with 
strong  H.^S04  and  CH3OH  gives  off 
methyl  salicylate.     (Diff.  from 
phenol.)  _ 
Purple  colour  destroyed  by  HA. 

Phenol  solution  when  treated 
with  AmHO  and  bleaching-powder 
turnsblue.  (Diff.  from  a  salicylate.) 


The  precipitate  disappears  on  boil- 
ing. 

With  a  gallate  KCN  produces 
a  red  coloration.  (Diff.  from  a 
taniiate.) 

Tlie  precipitate  is  permanent  on  heat- 
ing. 

Amnioniacal  CUSO4  solution 
produces  a  green  precipitate  with 
a  tannate.   (Diff.  from  a  gallate.) 


Salicylate. 


Phenol. 


Gallate. 


Tannate. 


The  colour  of   the  precipitate  is 
changed  by  KHO  into  brown. 


Ferrocyauide. 
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Result. 

Observation. 

Inference. 

e,  A  buffer  reddish 
precipitate  is  pro- 
aucea  in  the  cold. 

The  addition  of  HCl  gives  crystal- 
line scales  of  l)en/.()ic  acid. 

The  original  substance  burns 
with  a  smoky  tlanie.    (Ditf.  from 
a  succinate.) 
The  precipitate  is  soluble  in  HCl. 
A  succinate  is  precipitated  on 
the  addition  of  BaCL.,  AmllO,  and 
alcohol.    (Uiff.  from  benzoatc.) 
On  the  addition  of  HCl,  hippuric 
acid  sepm-ates. 

Tlje  original  substance  bums 
with  a  smoky  tiame,  and  evolves 
and  C,ill,;  when  it  is  heated 
with  soda-lime. 
The  reddish  precipitate  dissolves  in 
HCl. 

C\)nHrm  by  adding  to  the  ori- 
ginal   substance    KoCr^Oy  and 
H0.SO4,  a  blue  colour  appears. 

Benzoate. 
Succinate. 

Uippurate. 
Aniline. 

f.  A  coloration  is 
produced  in  the 
cold. 

Brown  or  olive-green  coloration. 

("ontirni  by  adding  FeS04  solu- 
tion to  the  original  sul)stance,  a 
blue  precipitate  forms. 

The  coloration  is  blue. 

Ferricyanide. 
Morphine. 

g.  No  effect  is  pro- 
duced until  the 
mixture  is  heated. 

Reddens  on  heating. 

Red  precipitate  on  heating. 

Slight  red  precipitate  on  heating. 

Quinine,  caffeine, 

brucine. 
Cinchonine,  or 

strychnine. 
Narcotine. 
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1 105.  Action  of  CaCl^  Solution  on  Neutral  Solution 

OP  Organic  Salts. 


Result. 

Observatiou. 

Inference. 

a.  A  white  pre- 
cipitate forms  in 
the  cold. 

Tlie  precipitate  is  insoluble  in  HA 
and  in  KHO ;  when  dried  and 
heated,  it  scarcely  chars  and 
leaves  a  carbonate. 

The  precipitate  is  soluble  in  HA  and 
in  KHO  ;  it  often  only  appears  on 
.shaking,  and  chars  when  dried  and 
heated. 

Conflrni  by  heating  the  original 
solution  with  ammoniacal  AgNO^ 
(694,  Note). 

Add  PbA2  to  the  original  solu- 
tion, a  white  precipitate  forms. 

The  precipitate  is  decomposed  by 
HCl,  with  separation  of  uric  acid. 

Tlie  precipitate  is  unchanged  when 
heated. 

O.xalate. 
Tartrate. 

Meconate. 
Urate. 

Hippurate,  beuzo- 
'  ate,  or  taunate. 

b.  A  white  preci- 
pitate forms  on 
heating. 

The  precipitate  is  soluble  in  HA  and 
insoluble  in  cold  KHO ;  it  chars 
on  being  dried  and  heated. 

The  precipitate  forms  more  readily 
in  the  presence  of  alcohol ;  it  chars 
on  being  heated. 

Confirm    by   adding  PbA2  to 
the  neutral  solution,  and  fusing 
the  precipitate  under  water. 

Citrate. 
Mai  ate. 

c.  A  white  preci- 
pitate forms  in 
the  presence  of 
alcohol. 

Confirm  by  treating  the  neutral  solu- 
tion with  FeCla,  a  reddish  pre- 
cipitate forms. 

Succinate. 

1106.] 
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II06.  Action  op  AgNO^  Solution  on  Neutral  Solution 


OP  Organic  Salts. 

Result. 

Obsei'vatioii. 

Inference. 

a.  A  white  precipi- 
tate forms  in  tne 
cold, 

Tlu'  precipitate  is  unalteretl  wlieii 
heated. 

The    precipitate    dissolves  when 
heated  :  it  is  not  formed  in  dilute 
solution. 

The  precipitate  forms  in  stron;;  solu- 
tions, rapidly  turnini;  Idauk ;  in 
dilute  solutions  a  black  precipitate 
of  Ag  is  formed  when  the  liquid  is 
heated. 

The  precipitate  turns  grey  when 

it  is  heated. 
The    precipitate    slightly  darkens 

when  it  is  heated. 
The  precipitate  rapidly  turns  black. 

The  iirecipitate  tin-ns  black  when  the 

liijuid  is  boiled. 
The  j)recipitate  is  soluble  in  AmHO. 

and  insoluble  in  dilute  HNO;j. 
The  precipitate  is  insoluble  in  AmHO, 

and  insoluble  in  dilute  HNO3. 
Immediate  black  precipitate. 

Oxalate,  nicconate, 
salicylate,  nial- 
ate,  or  hippurate. 

Acetate. 
Formate. 

Citrate,  or  nialate. 
Succinate,  or  ben- 

zoate. 
Tannate,  gallate, 

urate,  phenol, 

(iini  iiyuio- 

(luinone. 

Tartrate. 

Cyanide  or  sulpho- 
cyanide. 

Perrocyanide. 
Pyrogallol. 

b.  An  orange  preci- 
pitate is  formed. 

The  precipitate  is  soluble  in  AmHO, 
and  insoluble  in  dilute  HNO3. 

Ferricyanide. 

EXAMPLE  OF  ENTllY 
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EXA]\rPLE  SHOWING  HOW  TO  ENTEE  THE 
EESULTS  OF  ANALYSIS  OF  A  COMPLEX 
SUBSTANCE. 


II07.  The  substance  given  for  analysis  consisted  of  a 
powder  containing  pink,  "blue,  white,  and  black  particles. 
It  smelt  faintly  of  ammonia. 

Preliminary  Examination  for  Metals, 


1 

Experiment. 

Observation. 

Inference. 

EXPT.  I.— Heated  in  a 
small  dry  test-tube. 

Confy. — Held  in  the 
upper  part  of  the  tube  a 
glass  rod  with  a  drop  of 
lime  water  hanging  on 
its  end. 

Co»i/;/.— Boiled  a  portion 
of  the  substance  with 
KHO  solution. 

Con/)/.— Heated  strongly 
another  portion  of  the 
dried  sulistance  with 
NajCOs  in  a  bulb-tube. 

Water  given  off  which 
turned  turmeric  -  paper 
brown. 

Strong  smell  of  NH3  gas. 

Substance  blackened,  no 
smell  of  burning. 

Slight  white  sublimate. 

The  lime  water  became 
milky. 

Brown  nitrous  fumes 
evolved,  recognised  by 
their  smell. 

Cl-gas  evolved,  found  by 
smell  and  bleaching 
litmus. 

NH3  gas  was  evolved,  re- 
cognised by  its  smell, 
and  by  giving  white 
fumes  with  strong  HCl. 

No  mirror  formed. 

Pres.  of  H2O. 

Pres.  of  NH4. 
Pres.  of  NH4. 
Prob.  pres  of  Co,  Cu,  and 

abs.  of  T  and  A. 
Pres.  of  As,  NH4,  Hg. 
CO2  evolved. 

Pres.  of  nitrate. 
Pres.  of  CI. 

Pres.  of  NH4. 
Abs.  of  Hg  and  As. 

Exp.  II.— Heated  a  por- 
tion of  the  substance  on 
a  loop  of  platinum  wire 
in  the  liunsen  flame, 
moistened  with  HCland 
heated  again  in  the 
flame. 

Heated  for  some  time  in 
the  tip  of  the  inner 
blowpipe  flame,  moist- 
ened with  HC'l,  and 
again  held  in  the 
Bunsen  flame. 

Bright  yellotv  flame. 
The     flame  appeared 
crimson    through  the 
1  indigo-prism. 

1 
1 

j  Crimson  col"-  appearing 
1   intense  red  through  the 
indigo-prism. 
Bright  green  col"'  with 
blue  core. 

Pres.  of  Na. 
Pres.  of  K. 

1 

Pres.  of  Sr. 
Pres.  of  Cu. 
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Expt. 

Observation. 

Inference. 

EXPT.  III.— Heated  a  por- 
tion of  the  substance  on 
charcoal  in  the  inner 
blowpipe  tlarae. 

Confij.  —Fused  in  a  clear 
borax  bead  in  the  outer 
and    inner  blowpipe 
llames. 

Con/y. — Fused   on  pla- 
tinum foil  with  NajCOs 
and  KNO,. 

Con/;/. — Fused  on  char- 
coal in  the  inner  blow- 
pipe tlanie  with  NaoCOj. 

The  greater  part  of  the 
su))stanee  fused  readily, 
nud  was  absorbed  by  tlie 
cliarcoal. 

Detlagration  occurred. 

A  red  metallic  residue  re- 
mained. 

In  the  outer  flame  a  bead\ 
yreen  while  hot,  blue 
when  cold.  > 

In  the  inner  flame  red 
(Hid  nearly  opaque.  J 

No  bluish  green  or  yellow 
mass  on  cooling. 

Red  metallic  residue. 

A  portion  placed  on  a 
silver  coin  and  moistened 
gave  no  black  stain. 

Pres.  of  a  salt  of  K,  Na . 
l^res.  of  chlorate,  nitrate. 

Pres.  of  Cu. 
Pres.  of  Cu. 

Abs.  of  Ma  and  Cr . 
Pres.  of  Cu. 
Abs.  of  S. 

Preliminary  Examination  for  Acid-radicles. 

j  Expt. 

Observation. 

Inference. 

F.XPT.  I.— Added  dilute 
11  CI  without  heating. 

Heated  to  boiling. 

1 

A  colourless  gas  was 
evolved,  wliich  was  free 
from  smell,  and  turned 
a   ill"]!   of    liiiu;  \v;it(M' 
milky. 

CI  was  evolved,  recog- 
nised by  its  smell  and 
by     l>leaching  moist 
litmus-paper. 

Pres.  of  carbonate. 
Abs.  of  sulphite,  hypo- 
chlorite, &c. 

Pres.  of  nitrate,  chlorate, 
or  some  other  oxidising 
substance. 

Expt.  II  —Added  strong 
U2SO4 . 

Cnn/y.  —  Dropped  in 
copper    turnings  and 
heated. 

Heated  strongly,  cooled, 
and  rinsed  out. 
Confy. — Boiled  a  portion 
of  the  substance  with 
water,    added  strong 
HoSO^,     cooled  and 
p(!'ured  in  FeSO^  solu- 
tion carefully. 

A  bright  yellow  chlorous 
gas  evolved,  which 
crackled  wlien  warmed. 

Reddish  brown  fumes 
evolved. 

The  tube  when  dry  was 
seen  not  to  bo  etched. 

A  brown  ring  formed  on 
the  surface  of  the  acid. 

1 

I 

Pres.  of  chlorate. 
Pres.  of  nitrate. 

Abs.  of  fluoride. 
Pres.  of  nitrate. 

Examination  for  Metals  in  the  Wet  Way. 

Boiled  a  portion  of  the  substance  with  Fe.,Cl,;,  FeSO^,  and 
KHO,  added  IICl  in  excess,  no  blue  pp.  : — Absence  of  Cy. 
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These  lines 
run  ncross 


^oil®^  ^  portion  of  the  substance  with  water;  as  it  did  not 
both  pages.  ^pQJ^  ^j^g  Undissolved  residue  :  effervescence  occurred,  and  on  boiling,  Ct 
CI  was  perceived ;  the  substance  was  completely  dissolved.  Cooled 
previously  to  give  no  pp.  on  addition  of  a  little  dilute  HISTOa : — 


No  pp. 

Abs.  of  Group  1. 
Hg',  Ag,  and  prob. 


Pb. 


Diluted  with  water  and  passed  HoS  until  the  liquid  smelt  strongljl  ^ 


A  black  pp. 
Exam''-  by  Table  II. 


Filtrate  which  gave  no  further  pp.  witln 
Boiled  until  it  no  longer  smelt  of  H  °  ' 
ou  addition  of  HNO3,  (jprob.  pres.  of 
of  the  HCl  sol"-  to  some  AraHMo' 
boiled ;  filtered : — 


A  brown  pp. 
Exam<i-  by  Table 


ExAM'^-  OF  PP.  IN  Group  II. — Removed  from  the  filter  into 
a  porcelain  dish  and  boiled  with  KHO,  filtered  :- 


Filtrate : — 
Acidified 
with  HOI.  M 
white  milky 
liquid  only : 

Abs.  oj 
Group  II.  B. 

Pp.  removed  irova  filter  by  a  glass  rod  into  a  porcelain  dish  and 
boiled  with  strong  HNO3  as  long  as  any  red  fumes  came  off, 
added  dilute  H2SO4  and  stirred  well: 

No  pp. : — 
Abs.o/Hg 
and  Pb. 

Added  to  sol"-  excess  of  AmHO :  blue  solution  (Pres. 
0/  Cm)  :— 

No  pp. : — 
Abs.  of  Bi. 

Acidified  the  blue  sol"-  with  HCl  and  satu- 
rated with  H2S ;  filtered  off  the  black  pp. 
rapidly  andboiled  it  with  dilute  H^SOi : 

Pp. :  dissolved  in  a 
little  boiling  dilute 
HNO3,  added 
AmHO  in  excess, 
then  excess  of  HA, 
then  K4FeCy6,  cho- 
colate red  pp.  : — 
Pres.  of  Cu . 

Filtrate:  diluted 
much  and 
passed  HjS, 
no  pp.  : — 
Abs.  ofCd. 

ExAM^-  OF  PP.  IN  Group  IIIa. 
Dissolved  in  a  little  boiling  dilute  HCl,  added  pure  NaHO 
I  excess,  boiled  and  filtered  : — 


Filtrate  :  added  AmCl  iu 
excess,  no  pp. : — 
Abs.  o/Al. 

Pp. :  dried  and  fused  on  platinum  foil  with  Na.jC0j 
and  KNO3,  boiled  the  colourless  (abs.  of  Cr)  mass 
when  cold  with  water ;  decanted  from  the  undis- 
solved residue  : — 

Residue  in  the  dish  dis- 
solved by  boiling  with  a 
little  HCl,  added  several 
drops  of  KCyS :  a  blood- 
red  coloration : 
Pres.  ofFe. 

Sol«-    being  colourless 
proved  abs.  of  Cr. 

Acidified  withH  A,  boiled, 
and  added   PbA.^,  no 
yellow  pp. : — 
Abs.  of  Cr. 
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pletely  dissolve,  tlie  sol°-  was  decanted,  and  a  little  dilute  HCl  poured 
ivas  smelt.  Added  a  little  strong  HCl,  boiled  as  long  as  any  smell  of 
;his  sol"-  and  mixed  it  with  the  water  soP-  Avhich  had  been  proved 


rf  the  gas,  filtered  :— 


ioS  was  pink  (;)ro6.  pres.  of  Co). 

.dded  some  stvona  H  N  O^  and  boiled  to  dryuess :  the  colour  of  the  sol"-  changed  to  light  brown 
Varm.'dtliuivsidiiowith  IK 'I.  it  dissolve,!  i-oniplotelyU/w.  o/H^SiOi).  Added  a  small  portion 
vanned ;  no  pp. :  Abs&iwe  of  iPOt)"'.   To  the  rem'  added  AniCl  then  excess  of  AniHO,  and 


Filtrate  was  again  pink  (presence  of  Co) :  added  much  Ara.^S  and  boiled,  filtered :— 


A  black  pp. 
Ejcani'i-by  Table  III.B. 

FUtratevfaa  yellow  (absence  of  Ni) :  added  Ani^COa,  filtered  :— 

A  white  pp. 
Exami  by  Table  IV. 

Filtrate. 
Exam*-  by  Table  V. 

Examn-  of  pp.  in  Gkoup  III.B. 

Einsed  the  pp.  off  the  filter  with  some  cold  dilute  HCl, 
stiried  well,  filtered  : — 


Pp.  was  black  and  had 
already  been  proved  to 
contain  no  Ni ;  fused  a 
portion  into  a  clear 
borax  bead  :  bead  blue 
in  both  flames  : — 
Pres.  of  Co. 

Filtrate:  boiled  until  it  no  longer  smelt  of  HoS 
added  a  crystal  of  KCIO3,  boiled  until  the  smelfof 
(.'1  ceased,  cooled  andadded  pure  NallO  in  excess:— 

No  pp. 
.lifts,  of  Mn. 

Pa.9.?ed  H..,S  into  the  sol"- 
no  pp  : — 

Abs.  of  Zn. 

Examn-  of  pp.  in  Group  TV. 

1.  Exam'^  ly  Flame  col"-— Dissolved  a  small  quantity  of 
the  pp.  in  a  few  drops  of  HCl  upon  a  watch  glass,  dipped  a 
loop  of  Pt-wire  into  the  sol"-  and  held  it  in  the  Bun  sen 
flame  :  a  crimson  red  colour  was  imparted  to  the  flame,  which 
appeared  intense  red  through  the  indigo-prism  :  Pres.  of  Sr. 
This  coloration  was  followed  by  a  yellowish  green  very  per- 
sistent col"-:  Pres.  of  Ba.    Confin-iied  hy  spcctro.scopc. 

2.  Uxam'-  in  the  Wet  way.  Dissolved  the  rest  of  the  pp. 
in  as  little  boiling  HA  as  possible ;  to  a  small  part  of  the  solu- 
tion, perfectly  cold,  added  CaS04  sol"-  an  immediate  pp. 
formed  :  Pres.  of  Ba. 
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To  the  remainder  of  the  HA  sol"-,  proved  to  be  acid  to 
litmus,  added  KgCrO,  until  the  liquid  appeared  yellow, 
warmed  and  poured  through  a  douljle  filter : — 


Pp..  which  con- 
tamed  an  the  Ba 
present,  was  re- 
jected. 

To  the  clear  filtrate,  which  was  orange  red  in  colour,  added 
AmllO  until  the  colour  changed  to  light  yellow,  then  added 
Am-jCOs  iu  excess  and  nitered  :— 

Filtrate  was  re- 
jected. 

r».  ;  dissolved  in  as  little  boiling  li  A  as 
possible ;  added  to  a  small  portion  of  the 
sol"-  CaSOj  sol"-  and  boiled,  a  pp.  formed, 
showing  2)7-es.  of  Sr .  _ 

To  the  remainder  of  the  HA  solution 
added  HoSOj,  boiled,  filtered,  and  t<.  the 
filtrate,  which  gave  no  pp.  alter  being 
boiled  with  mova  UoSOj,  added  AmUO 
in  excess  and  AnioCoO^,  no  pp.: — 
Abs.  ofCa. 

ExAM^-  OF  Filtrate  from  General  Table  for  Group  V. 

Evaporated  the  filtrate  to  dryness  in  a  porcelain  dish, 
scraped  out  the  residue  upon  platinum  foil,  and  ignited 
strongly  until  white  fumes  ceased  to  appear  :  dissolved  the 
residue  off  the  foil  by  boiling  with  water  to  which  several 
drops  of  HCl  had  been  added,  divided  the  sol"-  into  two 
unequal  parts : — 


To  the  larger  portion  added  several 
drops  of  H..SO4  and  boiled,  then 
AniHO  in  excess  and  several  drops 
of  Am-.C.,04 ;  on  heating,  a  slight 
pp  formed  ;  filtered,  and  added  to 
the  clear  filtrate  ]Sa2Hl'04,  a  white 
crystalline  pp. : — 

Pres.  of  Mg. 


Into  the  ^nailer  -portion  dipped  a  loop 
of  platinum  wire,  and  held  it  in  the 
Buusen  fiame,  an  intense  yellow 
col"-: — 

Pres.  of  Na, 
appearing    crimson    through  the 
indigo-prism : — 

Pres.  ofE. 

Confirmed  the  pres.  of  K  by  stirring  a 
fresh  portion  of  the  sol"-  with  rtCl4 
on  a  watch  glass,  a  yellow  pp. 
formed. 


Metals  found :— Cu,  Ee,  Co,  Ba,  Sr,  Mg,  Na,  K,  NH^. 
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ExAM^'-  FOR  Acid-radicles. 

The  following  acid-radicles  have  already  been  detected : 
(CO3)",  (NO3)',  (CIO3)'. 

By  reference  to  the  Table  of  Solubility  (1038),  under  the 
columns  corresponding  to  the  above  metals,  the  only  salt 
insoluble  in  acids  is  found  to  be  BaSO^ ;  since  Ba  is  present, 
and  the  substance  is  entirely  soluble  in  acids,  (SO4)  is  absent. 

The  following  acid-radicles  have  also  been  proved  to  be 
absent  in  the  general  examination  for  metals  : — 

(CrO^)",  by  the  HCl  solution  not  becoming  green  on  pass- 
ing US . 

(ASO3)'"  and  (AsO^)'",  by  no  pp.  forming  in  Group  II.  b. 

(8103)"  and  (SiF^)",  by  no  residue  insol.  in  HCl  remaining 
on  evaporating  to  dryness  with  HCl  for  Group  IILa. 

(PO^)'",  by  testing  with  AmHMoO^  in  the  HCl  soP-  for 
Group  III. A. 

The  organic  acid-radicles  A  and  T  are  absent,  since  there 
was  no  smell  of  burning  on  heating  the  substance. 

The  only  commonly  occurring  acid-radicles  remaining  to  be 
specially  tested  for  are  therefore  CI,  Br,  I,  (CgO^)",  and 
(BO3)'" ;  and  of  these  Br  and  I  are  probably  absent,  since  no 
violet  fumes  of  I  or  brown  fumes  of  Br  were  evolved  with 
strong  HoSO.j . 


Boiled  a  portion  of  the  substance  with  pure  JSra2C03  sol"- 
and  filtered  ;  acidified  portions  of  the  filtrate  with — 


HNO, 


Added  AfjNO^,  a  j)erfectly  wliite 
pp.,  easily  sol.  in  AmllO  : — 

Pres.  of  01. 


HA 


Added  CaSOi,  no  pp. : — 
^bs.o/{C\0,)\ 


2  E 
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]\roistened  a  piece  of  turmeric-paper  with  tlie  HCl  S( 
the  substance  and  dried  it  at  100^  no  reddish-brown 
was  produced  -.—Abs.  of  {BO J". 


Acid-radicles  found -.—COg,  NO3,  CIO3,  CI. 


( Metallic-radicles :  Cu,  Ye,  Co,  Ba,  Sr,  Mg,  Na, 
Found  <^ 

I  Acid-radicles:  CO,,  NO,,  CIO3,  CI 


SECTIOJSr  YIL 


THR  LABORATORY  AND  ITS  FITTINGS; 
APPARATUS,  CHEMICALS,  AND  REAGENTS. 


In  this  Section  directions  arc  ffiven  which  have  been  found  by 
experience  to  be  of  value  in  fitting  and  furnisliing  a  hiboratory  and 
in  maintaining  it  in  working  order. 


The  Laboratory  Building,  and  its  Fittings. 

Introductory  Kemarks.-The  Methods  of  J^.uilding,  Fitting  Heat 
mg,  and  Vcntihiting  a  Chemical  Laboratory  are  of  prime  importance 
in  securing  the  comfort,  health,  and  convenience  of  the  laboratory 
student ;  in  recent  years  very  considerable  advances  have  been  made 
in  these  matters.  For  detailed  information  on  these  subjects  refer- 
ence  may  be  made  to  papers  by  E.  C.  Robins,  wlucli  arc  published 
in  the  frmisactimis  of  the  Institute  of  British  Architects  for  the  ve-irs 
1882-3  and  1883-4.  ^  ^ 

II08.  With  regard  to  the  Building,  it  must  «uflicc  to 
state  here  that  the  main  points  which  re<iuire  attention  arc  that 
the  internal  air  space,  ventilation,  and  window  lirrhtin-^  both 
from  the  top  and  sides,  should  be  secured  on  as  ample  a  scale 
as  possible.  The  inner  surface  of  the  walls  should  either  be 
of  white  glazed  brick,  which  can  be  easily  cleaned  when 
necessary,  or  the  rough  brick  or  plaster  surface  should  be 
covered  with  whUe  lime-wash  or  distemper,  which  can  be 
frequently  and  cheaply  renewed.  The  windows  should  be 
glazed  with  colourless  glass. 
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IIOO  Draught  Closets.-Around  the  walls,  in  the  spaces 
betwrni  the  windows,  there  should  be  large  and  smal 
recesses,  each  of  which  is  lined  with  white  glazed  tiles  has 
a  glazed  hood  above,  and  is  closed  with  a  sliding  sash  in 
front;  it  is  provided  at  the  top  with  an  outlet  hrongh 
Xch  a  strong  draught  is  caused.     These  .  ^^f^^^^^^^^^ 
should  be  provided  with  several  gas-supphes  for  Bunsen- 
burners,  the'taps  being  on  the  outside  of  the  closet  they 
should  also  be  furnished  with  a  gas-jet  for  lighting  the 
Sterior  when  necessary.    The  bottom  of  the  closet  may  be 
covered  with  sheet-lead,  and  should  be  provided  with  a  small 
grid  through  which  Hquids  escape  into  a  dram-pipe  Some 
at  least  of  these  closets  should  also  be  provided  with  a 
water-supply  pipe.    A  strip  of  india-rubber  draught-excluder 
Tx  d  along  the  top  of  the  inner  frame  and  lightly  touching 
the  glass, 'prevents  the  escape  of  fumes  when  the  sash  is 

^'onVo^r  mote  of  the  larger  draught-closets  will  be  reserved 
for  the  hydrogen  sulphide  apparatus  (II25  •     It  aviH  he 
found  well  to  provide  such  a  closet  with  small  doors,  which 
are  opened  when  the  gas  is  to  be  used:  this  prevents  the 
.as  from  escaping  in  large  quantity  into  the  laboratory,  as  it 
would  do  if  the  large  sash  were  thrown  up  for  each  opera- 
tion    A  frame  containing  pairs  of  little  hinged  glazed  doors, 
each  about  six  inches  by  eight,  may  be  introduced  beneath 
the  slidincr  sash.     This  enables  a  student  to  open  as  much 
of  the  closet-front  as  is  necessary  for  passmg  the  gas  through 
a  solution  :  while  the  whole  sash  can  be  raised  for  cleansing 
or  replenishing  the  hydrogen  sulphide  apparatus. 

One  of  the  draught  recesses  is  kept  open  for  the  steam- 
ovens,  small  boiler,  and  condenser  which  are  described  m 
paragraph  II3I- 

mo  Washing  Sinks.— Two  or  more  deep  stoneware- 
sinks  should  be  provided  for  general  use.     These  have  large 
water-taps  fixed  above  thom  at  some  distance  from  the  back 
f  the  sink     It  will  be  found  convenient  if  each  sink  is 
supplied  with  three  taps.    Two  of  these  deliver  low-pressure 


[nil,  1112.]  CHEMICAL  LABOEATORY.  437 


water,  hot  and  cold ;  and  a  third  is  connected  with  a  high- 
pressure  water  service,  upon  whicli  a  fire-hose  can  be  at  once 
adapted.  A  stout  wooden  hoard  riddled  with  small  per- 
forations may  be  laid  upon  the  bottom  of  the  sink.  It 
serves  as  a  strainer  Avhich  prevents  solid  pieces  from  getting 
into  the  outflow  pipe  :  it  also  tends  to  prevent  the  breakage  of 
glass  or  porcelain  vessels  whicli  may  be  dropped  into  the  sink. 

nil.  Working  Benches. — In  the  frontispiece  illustration 
of  this  book  a  block  of  four  laboratory  benches  in  the  Not- 
tingham University  College  is  shown.  Two  of  these  are 
presented  to  the  observer,  and  are  therefore  visible  in  detail. 
This  arrangement  of  the  benches  is  convenient,  since  it 
enables  the  washing-sinks  and  the  water-taps  to  be  placed 
at  the  end  of  each  bench  and  yet  to  be  accessible  to  each 
student.  The  surface  of  the  bench  is  thus  prevented  from 
])oing  wetted  and  soiled  when  apparatus  is  washed. 

1 1 12.  Bench  Sinks. — The  bench-sinks  are  of  stoneware, 
with  large  perforated  movable  wooden  false  bottoms,  which 
soften  the  surface  and  serve  as  grids.  Half-inch  outlet  pipes 
unprotected  by  metal  grids  discharge  into  stoneware  pots,  the 
overflow  from  which  into  the  drain-pipes  is  through  a  curved 
stoneware  tube  near  the  top  (see  Frontispiece).  Any  fine  solid 
matter,  which  passes  down  the  sink-pipe,  settles  in  this  trap- 
pot,  and  is  got  rid  of  by  taking  out  the  pot  and  emptying  it 
into  a  pail  at  frequent  intervals.  The  main-pipes  are  occa- 
sionally cleansed  by  flushing  them  with  high-pressure  water. 
Any  stoppage  in  the  straight  sink-pipe  is  readily  pushed 
tlirough  with  a  stout  cane.  Over  each  sink  there  are  three 
low-pressure  water-taps  for  washing  and  for  supplying  con- 
densers, and  two  high-pressure  water-taps  for  aspirators. 

Lead-covered  sinks  lessen  the  risk  of  breakage  arising 
from  the  dropping  of  apparatus  while  it  is  being  washed, 
but  they  are  easily  corroded  by  acids  and  are  less  cleanly 
than  stoneware.  The  large  wooden  grid,  which  is  laid  on 
the  bottom  of  a  stoneware  sink,  is  a  very  efficient  and  per- 
manent grid,  and  saves  breakages. 
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1 1 13.  A  Stoneware  Pocket  is  hung  upon  the  end  of  each 
working  bench  to  receive  waste  filter-papers,  broken  glass, 
and  other  solid  refuse.    This  pocket  is  frequently  emptied. 

1 1 14.  Bench  Draughts. — Each  bench  is  provided  with  an 
aperture  leading  to  a  strong  draught,  and  into  this  aperture 
a  copper  hood  can  be  fitted,  which  serves  to  carry  away  acid 
vapours  or  badly-smelHng  gases.  The  aperture  is  stopped 
with  a  wooden  plug  when  the  hood  is  not  in  use,  in  order 
to  improve  the  draught  on  other  benches.  The  copper 
hoods  are  occasionally  cleansed  and  painted  with  Brunswick 
black,  in  order  to  protect  them  against  corrosion  by  acid 
fumes  :  fixed  light  earthenware  hoods  are  fragile,  but  present 
the  advantage  of  not  being  corroded  by  acids.  A  glazed 
draught-hood  extending  along  the  top  of  the  centre  shelf-rack 
of  the  bench  has  been  found  to  be  satisfactory  :  all  heating 
and  evaporation  of  liquids  is  then  carried  out  on  a  raised 
shelf  under  this  hood. 

1 1 15.  The  Laboratory  Bench  may  be  made  of  stout  teak, 
or  of  American  walnut-wood,  the  wood  being  stopped  and 
varnished  with  the  exception  of  the  working  surface  of  the 
bench,  which  should  be  well  saturated  with  oil  and  then 
well  rubbed.  This  working  surface  is  preserved  by  being 
occasionally  thoroughly  washed,  dried,  and  rubbed  down 
with  a  mixture  of  equal  measures  of  boiled  linseed  oil  and 
turpentine  from  time  to  time.  Less  durable  and  expensive 
wood  covered  with  sheet-lead  has  been  found  to  serve  well 
for  a  bench  top. 

The  bench  may  be  3  feet  in  height  with  a  depth  of  25 
inches ;  and  a  space  of  7  inches  between  the  reagent  shelves 
above  the  bench  will  be  found  suitable  for  ordinary  bottles. 
A  gangway  6  feet  in  width  should  be  provided  between  the 
rows  of  benches. 

Two  gas-taps  are  fixed  on  each  bench  for  supplying 
Bunsen-burners.  If  gas  is  not  available,  Bunsen-burners 
for  consuming  methylated  spirit  or  petroleum  (1II9)  may  be 
used  with  advantage.    One  lighting-burner  is  provided  at  a 
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convenient  height  for  ilhmiinating  the  bench  at  night.  Tlie 
incandescent  mantle  gas-burner  is  the  most  suitable  for  the 
purpose,  unless  electric  glow-lamps  are  available. 

1116.  Bench  Lockers. — The  working  bench  is  supplied 
with  two  lockers,  each  of  which  has  two  drawers  above  it. 
In  order  to  lessen  the  number  of  locks,  which  are  liable 
to  rust  in  the  laboratory  atmosphere,  a  flat  iron  bar  which 
swings  on  a  pin  is  fastened  upon  a  staple  by  a  padlock 
in  front  of  the  two  drawers  and  locker.  By  this  arrange- 
ment of  lockers  two  students  are  enabled  to  use  the  same 
bench  at  different  times.  Each  locker  should  have  a 
different  key,  but  all  the  locks  should  be  under  the  control  of 
master-keys  kept  by  the  attendant  and  the  teachers.  The 
drawers  should  bo  about  3  inches  in  depth,  and  may  bo  suit- 
ably divided  by  wooden  strips.  A  shelf  in  the  locker  should 
not  extend  more  than  half  across,  so  as  to  leave  standing 
room  for  tall  apparatus. 

1 1 17.  Preparation  Bench. — Besides  the  ordinary  work- 
ing-benches, there  should  be  at  least  one  long  bench,  well 
supplied  with  gas  and  water-taps  and  with  overflow-pipes. 
This  bench  serves  for  making  up  solutions,  for  distillations, 
and  for  other  large  operations.  There  should  also  be  a  long 
bench  made  of  a  slate  slab,  and  covered  at  a  height  of 
several  feet  with  a  metal  hood,  under  which  is  a  good 
draught  outlet.  This  bench  must  be  supplied  with  a  half- 
inch  gas-pipe  and  taps,  and  with  water-taps  and  overflows : 
it  serves  to  support  water-baths,  air-baths,  combustion  fur- 
naces, and  gas  furnaces  of  all  kinds. 

1 1 18.  A  Blowpipe-table  and  Blowpipes.— A  table,  the 
top  of  which  has  a  raised  edge  around  it,  and  which  is 
covered  with  sheet  lead  or  zinc,  should  be  provided.  This 
should  be  furnished  with  gas-taps  to  supply  gas-blowpipes, 
and  luminous-burners  for  bending  glass ;  and  two  or  more 
Fletcher-bellows  should  stand  beneath  it.  It  is  also  well,  if 
possible,  to  have  a  water-blowing  apparatus  near  at  hand 
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which  supplies  an  air-blast  to  the  blowpipes  for  long 
heating  operations. 

The  Fletcher  Bimsen-blowpipc  (fig.  10,  7)  will  naturally 
find  its  place  on  this  table.  It  is  also  well  to  keep  a  Eunsen 
gas-blowpipe  (fig.  82)  on  the  table  for  more  elaborate  glass- 
blowpipe,  and  a  Herapath-blowpipe  (fig.  83)  for  smaller  heat- 


FiG.  82,  Fig.  83. 


BuNSEN  Gas-Blowpipe.  Herapath  Gas-Blowpipe. 


ing  operations.  The  upper  part  of  the  Herapath-blowpipe  can 
be  purchased  without  the  foot,  and  this  can  be  fitted  into  a 
Bunsen-burner. 

1 1 19.  Spirit  and  Petroleum  Burners  and  Blowpipes. — 

Heating  and  blowpipe  work  must  occasionally  be  done 
without  a  supply  of  coal-gas  and  without  an  air-blast. 
Recourse  may  then  be  had  to  the  Bunsen-burners  and 
blowpipes  which  burn  the  vapour  of  either  methylated 
spirit  or  petroleum  (figs.  84,  85,  86). 

In  these  apparatus  the  burner  is  first  heated  by  burning 
some  methylated  spirit  from  a  circular  gallery  surrounding 
the  buriier,  and  the  supply  of  liquid  coming  into  the  base  of 
the  burner  is  vaporised  on  coming  into  contact  with  the 
hot  burner.  In  the  case  of  the  spirit  Bunsen  (fig.  84)  the 
liquid  is  supplied  to  the  burner  by  gravitation  from  a  vessel 
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at  liiglier  level.  In  the  petroleum-Bunseii  the  petrolevini  is 
forced  up  by  the  pressure  of  air  which  is  forced  by  a  little 


Fig.  84. 


Fig.  85. 


Sri  KIT- VAPOUR  BUNSEN. 


PETUOLEliM-VAPOUR 
BUNSEN. 


pump,  shown  on  the  right  of  the  figure,  into  the  upper  part 
of  the  reservoir  (fig.  85).  The  blast  of  the  blowpipe-lamp 
(fig.  86)  is  maintained  by  the 
pressure  of  the  vaporised  liquid 
inside  the  reservoir. 


Fio.  86. 


1 120.  Chemical  Store-room 
and  Balance-room.  —  Opening 
into  the  general  laboratory  there 
should  be  at  least  two  separate 
apartments.  One  of  these  is 
fitted  with  shelves  for  stores  of 
chemicals  and  apparatus.  The 
other  is  reserved  for  use  as  a 
reference-Hbrary  and  for  delicate 
metal  apparatus,  such  as  chemi- 
cal balances,  microscopes,  spec- 
troscopes, and  polariscopes. 

This  apparatus  should  stand 
on  a  broad  shelf  which  is  at  a  convenient  height  for  sitting  ; 
the  shelf  is  supported  on  iron  brackets  from  the  wall,' 


Benzoline  Blast-Lami'. 
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so  as  to  secure  the  chemical  balances  n gainst  disturbance 
from  the  vibrations  of  the  floor.  The  spectroscope  and 
polariscope  should  have  draw-curtains  of  black  Hning 
material,  so  arranged  that  when  the  instruments  are  in  use, 
light  from  outside  may  be  excluded. 

A  large  central  table  should  also  be  provided  in  the 
balance-room  for  use  in  writing  and  reading.  A  special  low 
table,  with  a  raised  flange,  for  gas-analysis  apparatus  and 
for  other  experiments  involving  the  use  of  mercury,  is 
necessary  :  and  in  order  to  provide  against  the  loss  of  mer- 
cury spilt  from  these  tables,  it  will  be  well  to  bave  the  floor 
covered  with  linoleum. 


Bench-apparatus. 

Detailed  descriptions  of  this  apparatus  are  rendered  unnecessary  by 
the  existence  of  fully  illustrated  and  descriptive  price  lists,  which  are 
now  furnished  by  tlie  apparatus-sellers. 

1 121.  A  list  of  the  apparatus  which  should  be  kept  in 
each  bench-locker  will  be  found  facing  page  1.  The  separate 
items  of  that  list  are  repeated  here  with  the  addition  of  details 
of  dimensions  and  of  other  useful  information. 

In  Section  I.  of  the  book,  directions  are  given  for  prepar- 
ing and  fitting  this  apparatus. 

The  Bunsen-burner  with  its  india-rubber  tube  may  be  left 
attached  to  the  gas-tap  on  the  bench ;  all  the  other  apparatus 
should  be  locked  up  in  the  bench-locker  when  it  is  not  in 
use,  INIost  of  this  apparatus  is  seen  on  the  bench  in  the 
Frontispiece  illustration. 

1  Bunsen-burner  (l),  about  5^  inches  in  height,  with  |-inch  tube,  and 

with  means  of  closing  the  air-holes. 
1  Rose-top  to  fit  the  burner  (l). 

1  Fletcher's  Argand-Bunsen  burner,  |-inch  size  (2),  is  convenient  for 

boiling  the  wash-bottle. 
1  Piece  of  red  or  black  india-rubber  tubing,  -i\-inch  in  internal 

diameter  and  16  inches  long,  to  supply  gas  to  the  burner, 
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1  Test-tube  stand  with  twelve  holes,  two  of  which  are  at  least  1  incli 
across  ;  best  without  draining-pegs. 

1  Test-tube  brush  (13). 

12  Test-tubes,  5  inches  long,  §-iuch  in  internal  diunioter. 

2  Boiling-tubes,  6  inches  long,  1  inch  in  internal  diameter. 
2  Hound  glass  plates,  ground  on  one  side,  3  inches  across. 

2  Berlin-i)orcelain  evaporatiiig-dishes  with  spouts,  glazed  inside  and 
out,  and  3  inches  in  diameter. 

2  AVatch-glasses,  2  inches  across. 

1  Conical  llask  of  4  onnces  capacity. 

1  Wedgwood-mortar,  4  inches  across,  and  pestle  with  wooden  handle. 
1  (Jalvanised  iron  tripod-stanil,  7  inches  in  height,  with  round  top 

4  inches  across ;   these  dimensions  are  suitable  to  the  above 

lUinsen -burner. 

1  Square  of  coarse  iron  wire-gauze,  5  inches  in  the  side  ;  best  with 
the  corners  clipped  off. 
(A  square  of  asbestos  millboard  may  be  used  instead  of  the  gauze.) 

3  Plain  glass  funnels,  two  of  them  2^  inches  across,  and  one  2  inches 

across. 

3  Beakers  without  lips,  wide  form,  of  1,  2,  and  3  ounces  capacity. 
3  Glass  rods,  round  at  the  ends,  7,  6,  and  3  inches  in  length. 

1  Piece  of  platinum  foil,  1  inch  by  1^  inches. 

2  Pieces  of  mounted  platinum  wire  (9),  each  2  inches  long  and  about 

as  stout  as  an  ordinary  sewing  needle. 
1  Blowpipe,  Black's  jajianned  tin. 
1  Pipe -clay  triangle,  2  inches  along  its  side. 

1  Wash-bottle  (12),  made  by  fitting  a  conical  18-ounce  flask,  which  is 

at  least  1  inch  across  the  inside  of  the  neck. 
1  Retort-stand,  u])right  rod  16  inches,  foot  6  by  Sh  inches,  galvanised 

iron,  with  3  rings  of  brass  or  gun-metal,  the  largest  3  iiicluis 

across. 

1  Wooden  filter-stand  (fig.  49,  92),  rod  12  inches  high,  two  rings  on 

one  boss,  each  2.^  inches  across,  foot  5  by  8  inches  b)-  ^  inch. 
1  Pair  of  polished  brass  crucible-tongs,  6  inches  long. 
1  Small  horn  spatula,  3^  inches  long. 

1  Wicker  oval  draining-basket,  10  inches  by  8,  and  4  inches  deep. 
Cut  filter-papers,  4h,  3^,  and  2:]  inches  across. 


Special  Apparatus  for  Section  II. 

1 122.  The  Following  Apparatus  is  required  for  the 
experiments  on  gases,  and  need  not  bo  supplied  to  each 
student;   but  several  sets  should   be  kept  in  accessible 
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positions  in  the  laboratory,  whence  they  may  be  fetched 
wlien  they  are  required.  This  apparatus  should  never  be 
kept  in  the  bench-lockers.  An  asterisk  indicates  that  the 
apparatus  is  also  required  for  chemical  analysis. 

*1  Nest  of  the  three  or  four  of  the  smallest  sizes  of  brass  cork-borers. 

*1  Triangular  file,  without  wooden  handle. 

*1  Thin  round  file,  without  wooden  handle. 

*  Several  lengths  and  pieces  of  hard  glass  tubing,  about  i  inch 

internal  diameter. 

*  Ignition-tubes,  3  inches  long  by  ^  inch  across,  and  3  by 

*  Corks  as  free  as  possible  from  holes  and  cracks,  sizes  varying  from 

f  to  f  inch  across. 
1  Small  metal  clamp,  in  a  boss  which  fits  on  the  retort-stand  (see 

fig.  21,  23). 
1  Stoppered  bell-jar  of  16  ounces  capacity. 

4  Glass  cylinders  on  feet,  with  ground  edge  at  top  (fig.  22,  24),  S 

inches  high.  If  inches  across. 
4  Cylinders  similar  to  the  above,  6  inches  high,  Ih  inches  across. 
1  Round  brown  stoneware  trough,  12  inches  across,  5  inches  deep. 

1  Metal  deflagrating-spoon,  with  brass  cap  2^  inches  across. 

2  Two-necked  Woulffe's  bottles  of  8  ounces  capacity. 
2  Two-nccked  Woulffe's  bottles  of  4  ounces  capacity. 

1  Tubulated  retort  of  6  ounces  capacity. 

2  Thistle-funnels,  8  inches  long. 

1  Clock-glass,  about  4  inches  across. 

4  Pieces  of  red  or  black  india-rubber  tubing,  y%  inch  in  internal 
diameter  and  li  inches  long. 

*  A  good  supply  of  wooden  spills,  or  thin  strips  of  wood. 

*  A  good  supply  of  wax  tapers,  about  11  inches  long. 

*  A  small  piece  of  thin  candle. 

1  Tube  (fig.  26  a,  33),  6  inches  long,  filled  with  small  pieces  of  cal- 
cium chloride. 
4  Strips  of  sheet-lead,  6  inches  long,  I  inch  broad. 


Apparatus  por  General  Use  in  Analysis. 

1 123.  The  Following  Apparatus  should  be  kept  in  the 
laboratory  for  the  general  use  of  students  who  are  doing 
chemical  analysis. 

One  set  will  suffice  for  about  twelve  students.  Each 
article  should  have  its  own  place  in  the  laboratory,  and 
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should  be  replaced  immediately  after  use,  since  it  may  bo 
required  by  other  students.  Apparatus  mentioned  in  para- 
graph 1 122,  wliich  is  marked  with  an  asterisk,  is  also  required 
for  analysis,  and  must  be  included  in  the  following  list : — 

1  Spirit-lamp,  4  ounces  in  capacity,  with  earthenware  wick-holder  and 

ground  glass  cap. 
1  Charcoal-borer  of  conical  form. 
4  Tin  filter-dryers, 

4  Berlin-porcelain  cruciblcii,  1^  inches  across,  with  covers. 
1  Iron  mortar,  8  inches  across,  with  pestle. 

1  Fletcher's  No.  5  foot-bellows  (tig.  11,  7),  and  a  blowpiiie-table 
covered  with  sheet  zinc  or  lead. 

1  Fletcher's  Bunsen-burner  blowpipe,  with  central  blast,  and  two 
taps  (fig.  10,  7). 

1  Bnnsen-blowpipe,  and  one  Herapath-blowpipe  (lli8). 

1  Fletcher's  solid  tiame  burner,  with  tripod  for  boiling  large  dishes. 

1  Fletcher's  injector-furnace  for  strongly  heating  large  crucibles. 

1  Microscope,  with  at  least  a  ;i-inch  object  glass. 

1  Spectroscope,  Bunsen's  table  form  (115). 

1  Spectroscope,  direct  vision,  pocket  form  (114). 

1  Indigo-prism,  stoppered. 

This  prism  is  nearly  filled  with  solution  of  indigo  in  strong 
sulphuric  acid  ;  the  dry  stopper  is  inserted  into  the  dry  neck  and 
is  then  securely  fastened  down  with  fine  copper  wire :  melted 
paraflBn  wax  is  then  allowed  to  flow  over  the  stopper  and  neck. 

The  indigo  solution  is  made  by  mixing  commercial  sulphin- 
digotic  acid  with  about  ten  times  its  measure  of  strong  sulphuric 
acid,  letting  settle  for  several  days,  and  decanting  into  the 
prism. 

1  Agate  mortar,  3  inches  across,  and  pestle. 

This  mortar  is  used  for  reducing  hard  substances  to  fine 
powder,  after  they  have  been  alreaily  broken  into  minute  frag- 
ments. The  process  of  powdering  in  the  agate  mortar  must  be 
effected  by  trituration  ;  blows  must  on  no  account  be  struck  with 
the  pestle,  else  the  mortar  may  be  broken. 

2  Small  leaden  cups,  about  1^  inches  across  and  J  inch  deep  (606). 

These  are  made  by  beating  sheet-lead  into  shape. 
2  Copper  water-baths,  5  inches  across,  and  with  four  diminishing 
rings  (88). 

One  large  bath  with  several  openings  (88)  may  rei)laco  these 
smaller  baths.  The  baths  shouhl  be  about  two-thirds  filled 
with  water,  and  the  fiame  should  be  so  adjusted  that  the  water 
is  kept  just  boiling.  Evaporating  basins  placed  on  the  bath 
cannot  be  heated  above  100"  C. 
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2  Pairs  of  conical  flasks,  fitted  as  is  shown  in  fig.  70,  315. 
2  Tubulated  flasks,  4  ounces  in  capacity  (see  fig.  73,  505)- 
2  Clarke's  retorts  with  condensers  (fig.  74,  555). 

A  box  of  assorted  pieces  of  wood  charcoal,  as  free  as  possible  from 
cracks  and  from  bark. 


Hydrogen  Sulphide  Apparatus. 

1 124.  Hydrogen  sulphide  Gas  is  constantly  required  by 
the  analyst,  and  sliould  be  readily  obtainable  at  any  time  in 
a  constant  stream.  Arrangements  must  be  made  for  pre- 
venting this  badly-smelling  gas  from  polluting  the  atmos- 
phere of  the  laboratory  to  any  large  extent.  Both  these 
objects,  together  with  economy  of  materials,  are  better 
secured  by  the  use  of  a  large  apparatus  in  common  by 
many  students,  than  by  the  employment  of  a  small  private 
apparatus  by  each  student. 

The  gas  is  most  readily  obtained  by  the  action  of  some- 
what diluted  cold  commercial  hydrochloric  acid  upon  frag- 
ments of  ferrous  sulphide. 

1 125.  General  Hydrogen    sulphide   Apparatus. — The 

apparatus  in  which  the  gas  is  prepared  has  assumed  many 
forms.  The  one  shown  in  section  in  figure  87,  and  described 
below,  is  recommended  by  its  simplicity,  efficiency,  and 
cheapness. 

Two  large  tubulated  bottles,  A  and  B,  of  at  least  two  quarts 
capacity  each,  are  fitted  as  is  shown  in  the  figure.  The 
tubulures  of  the  bottles  are  connected  together  by  a  piece  of 
broad  rubber  tubing,  and  the  bottle  B  is  also  connected  Avith 
the  wash-bottle  C  by  narrow  rubber  tubing.  Eubber  stoppers 
should  be  used,  since  these  are  more  durable  than  ordinary 
corks,  and  are  also  gas-tight.  The  delivery  tube  D  is  con- 
nected with  the  doubly  bent  tube  from  the  washing-bottle  by 
means  of  a  rubber  joint,  which  can  be  partially  or  entirely 
closed  by  means  of  a  screw-clamp  E. 

In  charging  the  apparatus,  the  bottle  B  is  laid  on  its  side, 
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and  is  then  filled  with  lumps  of  ferrous  sulphide.  The 
washing-bottle  C  is  then  partly  filled  with  Avater,  and  the 
three  bottles  are  connected.  The  clamp  E  is  now  closed, 
and  the  bottle  A  is  about  half  filled  with  a  mixture  in  equal 
measures  of  strong  commercial  hydrochloric  acid  and  water. 

When  the  gas  is  required,  the  bottle  A  is  raised  upon  a 
suitable  stand,  and  the  clamp  E  is  gradually  opened  until  a 
regular  stream  of  bubbles  passes  through  the  water  in  C. 


Fig.  87. 


Lakge  Hydrogek  Sulphide  Appauatus. 


A  part  of  the  acid  will  flow  from  the  bottle  A  into  the  bottle 
B,  and  will  cause  hydrogen  sulphide  to  be  evolved  from  the 
ferrous  sulphide ;  the  gas  will  be  forced  out  of  B  by  the 
pressure  of  the  acid  which  remains  in  A.  Before  it  escapes 
through  the  tube  D,  the  gas  is  washed  free  from  small  drops 
of  hquid  containing  HCl  and  FeClo,  by  passing  through  the 
water  in  C.  Tiie  levels  of  the  liquids  in  the  bottles  A,  B, 
and  C,  while  the  gas  is  being  produced,  arc  shoAvn  by  the 
horizontal  dotted  lines. 

When  the  gas  is  no  longer  required,  the  screw-clamp  at  E 
is  gradually  tightened  until  the  stream  of  bubbles  through 
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the  water  in  C  is  arrested.  The  gas  then  accumulates  in  Bj 
and  forces  the  acid  out  of  B  back  into  A.  If  the  glass  tube 
at  the  bottom  of  B  is  bent,  as  is  shown  in  the  figure,  the 
acid  will  be  almost  completely  expelled.  This  will  cause 
the  production  of  the  gas  to  cease.  The  evolution  of  gas  will 
recommence,  however,  as  soon  as  the  clamp  E  is  opened. 

During  the  hours  of  laboratory  work  A  should  remain  raised 
on  its  stand,  and  the  apparatus  will  then  always  be  ready  for 
use.  At  other  times  A  should  be  lowered  into  the  position 
represented  in  dotted  outline  in  the  figure.  B  should  be 
permanently  somewhat  raised  in  order  to  facilitate  the 
outflow  of  the  acid  when  A  is  lowered.  The  escape  of  the 
hydrogen  sulphide  gas  from  solution  in  the  acid  is  much 
lessened  in  amount,  if  a  funnel  containing  water  or  glycerine 
is  fitted  into  the  stopper  at  the  top  of  A,  or  if  a  loosely- 
fitting  glass  stopper  is  dropped  into  the  neck  of  the  bottle. 

AVhen  the  acid  is  spent  and  no  longer  causes  evolution  of 
gas  from  the  FeS,  it  is  poured  away  and  replaced  by  fresh 

acid.  Lumps  of  FeS  are  also  occa- 
sionally placed  in  B,  as  the  sub- 
stance becomes  dissolved. 

The  Kipp's  apparatus  (fig.  88)  may 
also  be  used  for  generating  hydrogen 
sulphide.  It  is  similar  in  its  action  to 
that  already  described,  but  the  acid  vessel 
(/)  is  placed  above  the  generating  vessel 
(c),  and  the  two  are  connected  together 
rigidly  when  the  apparatus  is  fitted  up 
for  use. 


The  hydrogen  sulphide  apparatus 
should  stand  in  a  closet,  which  is 
lined  with  glazed  white  tiles,  and 
is  furnished  with  a  good  draught. 
The  bottom  of  the  closet  should  be 
covered  with  sheet-lead,  and  fur- 
nished with  a  drain-pipe  for  the 
spent  acid,  and  a  gas-jet  should  be  provided  for  hghting  it  at 
night.    The  closet  must  not  be  used  for  any  other  purpose. 


Fig.  88. 


The  Kipp  Apparatus. 
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Arrangements  should  be  made  for  a  large  opening  in 
front  for  recharging  the  apparatus ;  but  a  small  door  only 
should  be  used  for  introducing  the  solutions  through  which 
the  gas  has  to  be  passed.  If  the  front  of  the  closet  is  opened 
by  means  of  a  glazed  sliding-sash,  a  frame  containing  pairs 
of  glazed  hinged  doors,  each  about  six  inches  by  eight,  may 
be  introduced  into  the  grooves  beneath  the  sash.  These 
doors  cna])le  the  apparatus  to  be  used  with  the  least  possible 
opening  of  tlie  closet.  Such  an  apparatus  should  serve  for 
the  use  of  twelve  or  more  students,  according  to  the 
character  of  the  work  which  they  are  doing. 

1 126.  An  Apparatus  for  Private  Use  may  be  fitted  as  is  shown  in 
ti>,'iire  89.  The  larger  bottle  contains  pieces  of  ferrous  sulphide,  upon 
wliicli  HCl,  diluted  with  an  equal  measure  of  water,  is  poured  through 
the  thistle- funnel.  The  gas  passes  through  a  little  water  in  the  smaller 
bottle,  and  thence  into  the  solution  to  bo  saturated.  The  use  of  a 
small  apparatus  by  each  student  in  a  large 
laboratory  is  not  to  be  recommended; 
since  it  causes  unnecessary  waste  of  time 
and  materials,  and  does  not  permit  of 
satisfactory  control  of  the  stream  of  gas 
which  is  evolved. 


1 127.  Passing  Hydrogen  sul- 
phide.—  Each  student  should  keep 
a  glass  tube  D  (Hgs.  87,  88,  89), 
which    may    be    fitted    upon  the 
hydrogen    sulphide   apparatus  in 
order  to  conduct  the  gas  into  a 
solution.    When  a  liquid  is  to  be 
saturated  with  gas,  the  end  of  this 
tube  should  be  passed  down  to  the  bottom  of  the  vessel 
which  contains  the  liquid.    A  regular  stream  of  gas  is  then 
caused  to  bubble  tlirough  the  liquid  by  gradually  opening  the 
clamp  P:  (fig.  87),  or  the  stopcock  d  (fig.  88)  of  the  larger 
apparatus,  or  by  introducing  a  sufficient  quantity  of  acid 
into  the  larger  bottle  of  the  small  apparatus  (fig.  89). 

In  order  to  avoid  unnecessary  waste  of  gas,  the  liquid 
should  be  of  sufficient  depth  to  absorb  much  of  the  gas,  and 

2  F 


Fig.  89. 


Smali,  Hydroukn  Sul- 

I'llIUK  Al'l'AKATUS. 
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the  bubbles  should  not  pass  too  fast  to  be  readily  counted. 
The  passage  of  the  gas  should  be  continued  for  four  or  five 
minutes,  if  the  quantity  of  metal  to  be  precipitated  is  large : 
and  the  Hquid  must  smell  strongly  of  the  gas  after  the  air 
aboTe  it  has  been  blown  out,  and  the  hquid  has  been  shaken. 
The  tube  D  must  be  thoroughly  cleansed  immediately  after 
use. 

Liquid  Hydrogen  sulpliide  can  now  be  purchased  in  metal  bottles. 
When  the  valve  of  the  bottle  is  slightly  opened,  a  stream  of  the  pure 
gas  will  escape.  A  store  of  ready-made  hydrogen  sulphide  may  be 
kept  in  this  form,  and  the  trouble  of  maintaining  the  apparatus  for 
preparing  the  gas  may  thus  be  obviated. 

II28.  Hydrogen  sulphide  Solution.— It  will  be  found 
convenient  to  keep  a  bottle  of  distilled  water  saturated  with 
hydrogen  sulphide.  This  solution  is  prepared  by  passing  a 
regular  stream  of  the  gas  through  water  which  nearly  fills 
the  bottle.  On  removing  the  bottle,  closing  its  mouth 
tightly  with  the  thumb  and  shaking  its  contents  violently, 
no  suction  must  be  felt  on  the  thumb,  but  a  slight  outward 
pressure :  this  proves  that  the  water  is  saturated  with  the  gas. 


Distillation  op  Water. 

1 129.  As  has  been  already  stated  (73),  water  ordinarily 
contains  certain  solid  substances  in  solution,  which  render  it 
in  a  chemical  sense  impure.  Such  water  is  therefore  unfit  to 
be  employed  for  the  processes  of  solution  and  of  washing 
precipitates,  since  any  impurity  thus  introduced  into  a  sub- 
stance during  analysis,  would  be  considered,  when  detected, 
to  have  been  present  m  the  original  substance. 

The  quantity  of  these  impurities  which  is  present  in  any 
particular  water  supply  will  depend  upon  the  nature  of  the 
soil  with  which  the  water  has  been  in  contact  before  its 
collection.  The  water  supply  in  some  districts  will  be  found 
to  be  almost  perfectly  pure,  when  it  is  subjected  to  the  tests 
for  impurity  (1162,  Remark  41).  Rain-water  which  has 
fallen  through  pure  air,  and  has  been  carefully  collected. 
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will  yield  little  or  no  indication  of  dissolved  impurity. 
The  water  supply  to  the  majority  of  laboratories  will,  how- 
ever, be  found  to  be  unHt  for  analytical  purposes,  until  it 
has  been  freed  from  the  solid  substances  dissolved  in  it,  by 
being  subjected  to  the  process  of  distillation. 

In  most  towns  distilled  water  can  be  purchased ;  but  it  is 
preferable  to  distil  all  the  water  required  for  use,  either  in 
the  laboratory  itself  or  in  its  immediate  neighbourhood. 
For  this  purpose  steam  is  condensed  by  a  block-tin  worm- 
pipe,  which  is  immersed  in  a  tub  through  which  a  constant 
stream  of  cold  water  runs.  The  steam  may  be  obtained 
either  from  a  steam-boiler,  or  from  a  copper  still  heated  by 
a  furnace  or  gas-burner,  or  from  the  water-baths  and  steam- 
ovens  in  the  laboratory. 

1 130.  The  Process  of  Distillation  may  be  carried  on  con- 
tinuously in  the  constant  still  which  is  figured  and  described 
below.  The  sketch  in  iigure  90  renders  a  lengthened  descrip- 
tion of  this  still  unnecessary.  It  represents  the  apparatus  in 
section  and  about  one-twentieth  its  working  size ;  the  side- 
feed  to  the  boiler  is  about  one-tenth  its  usual  breadth. 

The  water  in  the  copper  still  (A)  is  heated  by  the  flame  of 
a  Fletcher-burner  or  of  a  large-sized  Bunsen-burner.  The 
steam  thus  generated  passes  from  the  top  of  the  still  through 
a  spiral  tin  tube  immersed  in  water  in  the  condensing-tub 
(B),  which  IS  made  of  copper  or  of  galvanised  iron.  From 
this  condenser  the  distilled  water  flows  into  the  lar-^e  stone- 
ware vessel  (C),  which  is  furnished  with  a  tap  below,  from 
which  the  water  may  be  drawn  when  required.    The  long 
syphon  tube  (CD)  serves  as  a  gauge  to  indicate  the  level  of 
the  water  inside  the  jar. 

The  condensing-tub  (B)  is  constantly  supplied  with  cold 
water  from  a  tap  (G);  this  water  Hows  through  the  funnel 
tube  to  the  bottom  of  the  condenser.  The  overflow  of  hot 
water  passes  from  the  tube  (H)  at  the  top  of  the  condenser 
into  a  side-feed  for  supplying  the  boiler.  From  the  side-feed 
the  excess  of  waler  Hows  through  a  central  tube  to  a  sink 
as  is  shown  by  the  arrow.  ^ 
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The  spiral  block-tin  pipe  in  the  condenser  must  be  of  suffi- 
cient diameter  to  prevent  it  from  oftering  any  obstruction  to 
the  free  escape  of  the  steam  from  the  boiler.  Every  part  of 
this  tube  must  have  a  downward  slope  so  as  to  prevent 
water  from  collecting  in  it,  and  the  coils  must  be  supported 
in  position  by  a  suitable  framework  of  wood  or  metal,  which 
prevents  them  from  sinking. 

Fig.  90. 


Automatic  Watek  Still. 


The  copper  still  should  be  furnished  with  a  broad  lid 
screwing  upon  its  mouth,  for  convenience  in  removing  the 
deposit  \vhich  collects  within.  Into  this  lid  a  brass  tube 
should  be  fastened  which  carries  a  screw-union.  This  union 
enables  the  tin  condensing-pipe  to  be  connected  steam-tight 
with  the  still. 

By  the  above  arrangement  the  still  is  constantly  supplied 
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with  the  hottest  water  from  the  condenser  through  the  side- 
feed,  and  the  water  in  the  still  is  always  maintained  at  the 
level  shown  by  the  dotted  line. 

When  the  apparatus  has  been  properly  fitted  up  and  the 
supply  of  water  has  been  duly  adjusted,  it  is  only  necessary 
to  light  and  extinguish  the  gas  under  the  still  when  the 
distillation  is  started  and  stopped.  It  is  advisable  to  remove 
the  incrustation  occasionally  from  the  interior  of  the  still,  and 
from  the  supply-tube  which  connects  the  still  with  the  con- 
densing vessel. 

The  wooden  stands  which  support  the  still  and  the  storing- 
jar  may  be  conveniently  fitted  with  shelves  and  doors  so  as  to 
serve  as  store-closets. 

AVhen  such  a  copper  still,  measuring  23  inches  in  circum- 
ference below  and  8  inches  in  height,  is  filled  to  a  height  of 
4  inches  and  is  heated  by  the  largest  Bunsen-burner,  it  will 
yield  about  two  litres  of  distilled  water  per  hour. 

In  laboratories  which  require  a  larger  supply  of  distilled  water  than 
can  be  furnished  by  the  above  apparatus,  a  copi)er  still  of  several 
gallons  capacity  may  be  set  in  masonry  and  heated  by  a  small  furnace 
fed  witli  coal,  coke,  or  gas.  The  overflow  from  the  still-tub  sliould 
then  pass  into  a  small  cistern,  the  overflow-pipe  of  which  keeps  its 
water  surface  level  with  that  required  in  tlie  still.  The  still  is  supplied 
with  hot  water  hy  connecting  it  with  this  cistern  by  means  of  a  tube, 
which  is  bent  downwards  in  its  middle  so  as  to  hinder  tlie  circulation 
of  water  between  the  still  and  the  cistern. 


DrsTiLf-ATioN  OP  Water  through  Steam-ovrns. 

1 131.  The  Distillation  of  Water  may  be  combined  with 
the  Heating  of  Drying-ovens  to  a  temperature  not  exceeding 
100  C.  For  this  purpose  one  of  the  tiled  recesses  in  the 
laboratory-wall  is  furnished  with  a  glazed  projectin  g  hood 
and  with  a  good  draught  from  the  top.  Into  this  recess  the 
arrangement  represented  in  figure  91  is  fitted.  It  is  drawn 
about  one-sixteenth  its  full  size. 

A  copper  boiler  and  a  stoneware  collecting  jar  are  seen 
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resting  on  the  floor  of  the  recess,  while  the  set  of  double- cased 
copper-ovens  and  the  still-tub  are  supported  on  a  strong  iron 
grating  above. 

The  steam  is  generated  by  a  powerful  Fletcher-burner,  and 
passes  from  the  boiler  through  a  pipe  which  terminates  several 


Fio.  91. 


Automatic  Watkr  Still  and  Steam  Ovens. 


inches  above  the  bottom  of  the  outer  casing  of  the  ovens.  It 
then  makes  its  way  between  and  around  the  various  ovens, 
and  undergoes  partial  condensation  in  heating  them.  The 
hot  condensed  water,  thus  produced,  flows  through  a  pipe, 
the  opening  of  which  is  flush  with  the  bottom  of  the  oven 
casing,  into  the  stoneware  jar.  From  this  jar  hot  distilled 
water  may  be  drawn  when  the  apparatus  is  at  work.  The 
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pipe  from  the  bottom  of  the  oven  has  a  U-bend  which  pre 
vents  the  escape  of  steam. 

Any  steam,  which  is  not  condensed  in  heating  the  ovens, 
passes  from  the  upper  part  of  tlie  oven-casing  into  a  block-tin 
worm  inclosed  in  the  tall  still-tub.  It  is  thus  condensed,  and 
drops  as  distilled  water  from  the  end  of  the  worm-pipe  into  a 
second  stoneware  store-jar  which  is  provided  with  a  tap  below. 
The  level  of  the  water  inside  this  jar  is  shown  by  a  syphon- 
gauge,  such  as  that  seen  in  figure  90.  The  coils  of  the  spiral 
tin  pipe  must  in  all  parts  have  a  downward  slope  so  as  to 
cause  the  water  to  flow  away  rapidly  ;  these  coils  must  be 
supported  in  the  condensing-tub  by  a  suitable  frame  in  order 
to  prevent  them  from  bending  down  out  of  position. 

The  still-tub  is  supplied  with  a  stream  of  cold  water  from  a 
pipe,  in  which  is  a  control  tap  seen  at  the  right-hand  side  of 
the  figure.  From  the  opposite  side  of  the  still-tub  the  heated 
condensing- water  flows  into  a  little  feeding  vessel  attached  to 
the  side  of  the  boiler :  this  is  shown  in  section  in  figure  93. 
A  portion  of  this  hot  water  serves  to  keep  up  the  water-level 
in  the  boiler  to  the  dotted  line  shown  in  the  figure;  and 
the  rest  flows  away  into  the  drain-pipes  through  a  central 
pipe  which  is  seen  in  the  feeding  vessel  (fig,  93). 

All  the  connections  are  made  by  means  of  screw-union 
joints.  The  apparatus  can,  therefore,  be  quickly  and  easily 
disconnected  for  removing  the  incrustation  in  the  boiler  and 
on  the  condensing  worm,  and  for  repairs. 

This  apparatus  may  be  allowed  to  run  uninterruptedly  for 
several  days  and  nights  in  succession  without  any  attention, 
after  the  gas-burner  has  been  lighted  and  the  supply  of 
condensing  water  has  been  regulated  by  the  tap.  It  has  for 
many  years  kept  a  large  students'  laboratory  supplied  with 
distilled  water,  and  has  also  furnished  the  necessary  steam 
to  the  drying  ovens. 

It  has  been  found  possible  to  attain  a  hi,<;licr  temperature  than  that 
usually  recorded  in  a  steam-oven,  by  dispensing  with  the  usual  inlet 
for  air  through  the  door.  The  air  is  admitted  tlirougli  a  narrow 
cop[icr  tube,  one  end  of  which  is  seen  immediately  beneath  the  door 
of  the  oven,  and  the  other  end  opens  into  the  oven  flush  with  its 
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bottom.  The  pipe  itself  is  thus  constantly  surrounded  with  steam, 
and  the  air  \vl)ich  passes  through  it  into  the  oven  enters  at  a  tempera- 
ture of  nearly  100°.  A  small  outlet  for  air  is  provided  at  the  upper 
part  of  the  back  of  each  oven. 


The  Stbam-ovex. 

1 132.  The  Steam-oven  is  a  small  oven  of  sheet  copper, 
which  is  used  for  drying  substances  at  a  temperature  not 
exceeding  100°  C.  (fig.  92,  and  fig.  57,  98).  These  ovens 
may  be  heated  by  steam  from  a  separate  boiler  (fig.  91) ;  and 
this  method  prevents  the  oven  from  being  coated  inside  with 

Fig.  93. 


Water  Oven.  Watek-Feed. 

incrustation  and  from  being  burnt  by  the  heating  flame. 
The  oven  is  often  heated  by  water  which  is  kept  boiling  in 
the  space  between  the  oven  itself  and  the  copper  casing 
which  surrounds  it  (fig.  92).  The  outer  casing  may  have  a 
circular  opening  cut  in  the  top,  which  serves  as  a  water-bath  : 
this  is  covered  by  a  lid  when  it  is  not  in  use  (fig.  92  a). 

The  level  of  water  in  the  jacket  may  be  maintained  con- 
stant by  a  contrivance  which  is  shown  in  section  at  c  (fig.  92), 
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and  by  a  special  sectional  drawing  in  figure  93.  A  small 
reservoir  communicates  by  a  lateral  tube  with  'the  space 
between  the  oven  and  its  jacket,  and  is  constantly  fed  with 
water  from  a  supply-tube  (d)  or  from  a  water-tap.  The 
overflow  of  this  reservoir  is  a  central  tube,  the  end  of  which 
terminates  above  the  level  of  the  lateral  tube.  The  outlet 
for  steam  (/,  fig.  92)  may  be  turned  downwards,  so  that  any 
water  which  is  formed  by  the  condensation  of  the  steam 
drops  into  the  reservoir  ('•) ;  or  it  may  be  made  to  communi- 
cate with  the  worm  of  a  condenser,  when  the  steam  will  be 
condensed  into  distilled  water. 

Tlic  steam-oven  should  if  jiossible  be  supplied  with  soft  water  or 
with  distilled  water  ;  tlie  formation  of  a  troublesome  incrustation  in 
the  interior  is  tluis  prevented.  A  raised  vessel  of  distilled  water  may 
be  connected  with  the  supply-pipe  (d),  and  the  overflow  may  then  be 
collected  and  occasionally  returned  to  this  sup])ly  vessel. 

Or  better  still,  the  escape-pipe  (/)  may  he  turned  upwards  and  con- 
nected with  a  long  vertical  or  oblique  tube,  which  will  condense  the 
escajting  steam  and  return  it  to  the  oven.  Tliis  arrangement  obviates 
the  necessity  of  a  constant  supply  of  water.  In  tliis  case  the  water 
in  the  oven  should  not  be  allowed  to  boil  too  vigorously,  else  the  steam 
will  not  be  completely  condensed  by  the  vertical  tube. 
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RECOVERY  OF  SILVER  AND  PLATINUM  FROM 
THEIR  RESIDUES. 


1 133.  Waste  scraps  of  platinum  and  silver,  and  solutions 
and  precipitates  which  contain  these  metals,  should  not  be 
thrown  away,  but  should  be  preserved  in  two  large  jars, 
which  are  specially  reserved  for  them,  and  are  labelled  Silver 
Residue.-^  and  Platinum  Residue><  respectively.  Platinum 
chloride  and  silver  nitrate  may  be  obtained  from  these  residues 
by  the  methods  described  below. 


Silver  residues. 

1 134.  Some  HCl  is  poured  into  the  jar  which  contains  the 
silver  residues,  and  the  acid  is  thoroughly  mixed  with  the 
contents  of  the  jar.  The  precipitate  is  then  allowed  to  sub- 
side, and,  after  the  Hquid  has  been  decanted,  this  precipi- 
tate is  thoroughly  washed  by  decantation :  it  may  then  be 
treated  either  by  paragraph  II35  or  II36. 

1 135.  The  wet  precipitate  is  rinsed  into  a  flat  shallow  dish, 
and  the  layer  of  water  is  acidified  with  H.,S04.  Strips  of 
Zn  free  from  Pb  are  then  laid  upon  the  silver  precipitate, 
and  the  whole  is  allowed  to  stand  quietly  for  several  hours. 
The  black  spongy  mass  which  remains  is  metallic  silver. 
This  is  separated  from  any  remaining  Zn,  and  is  then  washed 
until  it  is  free  from  HoSO^. 

This  metallic  deposit  is  dissolved  by  heating  it  with  pure 
strong  HIS' 0.3,  which  has  been  diluted  with  its  own  measure 
of  water.  The  solution  is  evaporated  to  dryness  ;  the  solid 
residue  is  dissolved  in  water,  and  is  once  more  evaporated 
to  dryness  in  order  to  remove  free  acid  completely.  The 
residue  is  then  dissolved  in  the  proper  proportion  of  water 
to  give  reagent  48  (1161).  Any  residue  insoluble  in  HNO3 
is  returned  to  the  silver  residue  bottle. 


[113(5.  1137.]    RECOVERY  OF  PLATINUM  FHOM  RESIDUES.  459 

1 136.  The  well- washed  precipitate  which  has  been  obtained 
from  the  .silver  residue  bottle,  after  the  addition  of  HCI  in 
excess  (1134),  filtered  off  and  dried.  It  is  then  mixed 
with  twice  its  weight  of  a  mixture  in  equal  proportions  of 
K.,C03  and  Na^CO...  This  mixture  is  transferred  to  a  clay 
crucible  and  is  fused  in  a  furnace.  After  the  contents  have 
been  kept  in  a  fused  condition  for  four  or  five  minutes,  the 
crucible  is  removed  and  its  bottom  is  tapped  several  times  on 
a  brick  so  as  to  cause  the  melted  globules  of  Ag  to  unite. 
When  the  crucible  is  cool  it  is  broken  up,  and  the  button  of 
Ag  is  removed  and  well  washed.  It  is  then  converted  into 
AgNO..  solution,  as  is  described  in  paragraph  II35. 


Platinum  residues. 

1 137.  The  liquid  in  the  Platinum  residue  bottle  is  shaken 
up  with  the  precipitate,  and  the  whole  is  evaporated  to  dry- 
ness in  a  porcelain  dish.  The  residue  is  then  heated  strongly 
for  some  time.  When  the  dish  is  cool,  water  is  poured  upon 
tlie  residue  and  boiled  with  it,  and  is  then  decanted  off. 
Solution  of  oxalic  acid  is  now  poured  into  the  dish  and 
evaporated  to  dryness,  and  the  residue  is  once  more  ignited 
strongly. 

The  residue  of  metallic  Pt  is  thoroughly  washed  with 
boiling  water,  and  is  dis.solved  by  heating  it  with  ilCl, 
to  which  one-third  its  measure  of  HIVO.,  has  been  added. 
The  solution  is  evaporated  to  dryness  over  a  water- bath. 
HCI  is  then  poured  in,  and  the  liquid  is  once  more  evapo- 
rated to  dryness  and  heated  for  some  time  on  the  water- 
bath.  This  residue,  when  dissolved  in  water,  forms  reagent 
28  (1161). 

Waste  scraps  of  platinum  foil  and  wire  should  be  care- 
fully preserved.  They  are  cleansed  by  boiling  them  with 
HNO.5  and  washing  them  well  with  water.  They  are  then 
dissolved  in  a  mixture  of  HCI  and  HNO.,,  and  converted 
into  solution  of  PtCl,,  as  is  described  in  the  preceding 
paragraph. 
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CHEMICALS  AND  REAGENTS. 

In  tlie  Following  Paragraphs  general  Directions  arc  given  for  the 
pieparation  of  tlie  reagents  and  of  the  test-.substances  which  are  re- 
quired in  the  preceding  Analytical  Course. 

Tabulated  lists  of  the  names  and  formulfe  of  these  substances  follow 
the  general  directions.  A  reference  number  is  attached  to  each  sub- 
stance, and  certain  necessary  details  concerning  its  preparation  and  the  , 
tests  for  its  purity  are  also  supplied.  Lists  of  the  chemicals  which  are  • 
required  for  the  experiments  in  Sections  I.  and  II.,  and  of  certain  special 
reagents  for  detecting  the  Rarer  Elements  and  Organic  Substances,  are 
also  given. 

The  pure  chemicals  which  are  required  in  analysis  are  readily  pur- 
chased, and  it  will  be  found  more  economical  as  a  rule  to  buy  them 
than  to  prepare  them. 

The  preparation  of  the  solutions,  and  the  dilution  of  acids  and  other 
liquids,  should,  howevei',  always  be  performed  in  the  laboratory,  since 
this  lessens  the  cost  both  of  purchase  and  of  carriage. 

Substances  suitable  for  analysis  are  suggested  in  paragraphs  Il68- 

I172.  |l 

1 138.  Solution  and  Dilution. — Many  reagents  and  test- 
substances  must  be  dissolved  or  diluted  before  they  are  used. 
As  these  processes  of  solution  and  dilution  must  be  constantly 
carried  out  in  a  laboratory,  it  is  important  that  the  methods 
employed  should  be  as  simple  and  rapid  in  execution  as 
possible,  in  order  that  the  expenditure  of  labour  and  of  time 
should  be  minimised. 

It  is  also  of  great  importance  that  the  solutions  should  be  , 
of  appropriate  strength.  It  is  usually  advisable  that  the 
same  liquid  should  be  of  different  strengths  when  it  is  used 
as  a  reagent  and  as  a  test  solution.  In  either  case  a  strength 
can  be  selected  which  generally  yields  the  most  satisfactory 
results.  If  the  solution  is  stronger  than  this,  chemicals  are 
wasted ;  if  it  is  weaker  than  this,  the  reaction  is  not  satisfac- 
torily obtained.  Hence  it  is  advisable  to  keep  these  liquids 
in  readiness  for  the  student,  rather  than  to  leave  him  to  pre- 
pare them  doubtfully  or  wastefully  when  they  are  required. 

f 
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In  order  that  the  labour  of  preparing  these  sohitions  may  bo 
reduced  to  a  minimum,  it  is  well  to  make  each  solution  in 
some  quantity  and  to  keep  it  in  stock. 

1 139.  The  Apparatus  required  for  Preparing  Solutions 

includes — 

A  coiuinou  pair  of  .scales,  with  earthenware  slabs,  and  beam  helow. 

A  more  delicate  \>a,u-  of  ordinary  scales. 

A  set  of  brass  weights  from  1  kilogram  to  1  gramme. 

A  strong  glass  measuring-cylinder  to  deliver  1  litie,  and  with 

graduati(nis  for  every  5  or  10  cnbic  centimetres  (c.c). 
Several  large  wide-monthed  gallon  jars,  some  of  stoneware  or 

earthenware,  others  of  common  green  glass. 
Several  large  funnels  of  glass  or  of  Wedgwood  ware. 

A  convenient  Store-bottle  fqf  Liquids  is  a  well-cleansed 
Winchester-<juart,  the  bottle  in  which  acids  and  other  liquids 
arc  constantly  supplied  to  the  laboratory. 

The  process  of  preparing  liquid  reagents  is  naturally 
divided  into  the  Diiution  of  Liquids  (II40),  the  Solution  of 
So/ ids  (1141-1146),  and  the  Solution  <f  Gases  (I147-II53). 


Dilution  of  Liquids. 

1 140.  In  the  Lists  of  Diluted  Liquids  which  Follow, 

the  proportion.^  by  measure,  in  which  the  liquids  arc  to  be 
mixed  with  distilled  water,  are  stated.  Liquids  may  be 
mixed  in  these  proportions  by  measuring  them  before  they 
are  mixed.  But  the  process  is  often  simplified  by  measuring 
tlu!  height  from  the  bottom  of  the  cylindrical  vessel,  in  whicli 
the  mixture  is  to  be  made,  to  the  level  wliich  the  mixture  is 
to  reach.  This  height  is  then  divided  in  the  requisite  pro- 
portion ;  and  the  division  is  marked  by  a  file  or  a  diamond, 
by  a  paintetl  line,  or  by  an  india-rubber  ring.  Each  liquid 
is  then  poured  in  to  its  own  level,  and  the  Hquids  are 
thoroughly  mixed  by  shaking  the  bottle.  The  mark,  when 
once  made,  will  always  serve  for  diluting  the  same  liquid 
again  in  the  same  vessel. 
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This  dilute  HCl,  No.  2  (II60),  is  made  by  mixing  strong 
HCl  with  three  times  its  measure  of  water.  The  heiglit  of 
a  Winchester-quart  bottle  from  its  bottom  to  its  shoulder 
was  found  to  be  8  inches.  mark  was  therefore  made  on 
the  bottle  2  inches  from  the  bottom,  and  strong  acid  was 
poured  in  until  it  reached  this  mark.  The  bottle  was  then 
tilled  to  the  shoulder  with  distilled  water,  and  stoppered  and 
shaken.  It  was  thus  quickly  tilled  with  dilute  acid  of  the 
required  strength. 

This  method  serves  for  numbers  2,  3,  4,  6,  and  7  (1160). 

In  the  preparation  of  dilute  II.^SO^  (1,  I160)  special  pre- 
cautions are  necessary,  because  the  strong  acid  becomes  heated 
by  dilution,  see  Remark  1  (1160). 


Solution  of  Solids. 

1 141.  In  the  Lists  of  Dissolved  Solids  which  Follow, 

the  proportions  of  solid  to  water,  which  are  to  be  used  in 
preparing  each  solution,  are  always  placed  in  the  Fourth 
and  Fifth  Columns. 

In  some  of  the  Tables  the  Fourth  Column  gives  the  number 
of  grammes  of  the  solid  to  be  dissolved  in  the  Winchester- 
quart  of  water.  This  number  is  derived  from  the  proportion 
of  solid  to  water,  by  considering  that  when  an  average 
Winchester-quart  bottle  is  filled  about  an  inch  above  its 
shoulder,  it  holds  2400  c.c.  (cubic  centimetres),  or  approxi- 
mately 2400  grammes,  of  distilled  water. 

In  a  similar  manner  the  weight  of  water  held  by  any 
other  bottle  or  vessel  may  be  obtained  with  sufficient 
accuracy  for  this  purpose  by  measuring  its  capacity  in 
CO.,  and  counting  this  number  as  the  weight  of  water  in 
grammes. 

Thus  the  strength  given  for  the  AmCi  reagent-solution. 
No.  5  (I160),  is  1:8,  as  is  shown  in  the  Fifth  Column. 
This  means  that  a  given  weight  of  water  must  be  made  to 
dissolve  one-eighth  its  weight  of  solid  AmCl.    Since  a  Win- 
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cliestor-qiiart  bottle  holds  2400  grammes  of  water,  one-eighth 
of  2400,  or  300  grammes,  of  AmCl  must  be  dissolved  in 
this  water  in  order  to  obtain  a  soUition  of  the  required 
strength. 

Pure  solid  chemicals  are  usually  sold  in  the  crystalline 
condition.  Hence  it  may  be  assumed  that  the  crystalline 
substance  is  to  be  used,  unless  (a),  which  signifies  amor- 
phous, is  placed  against  the  name  in  the  lirst  column  in 
the  table. 

1 142.  If  a  Small  quantity  of  a  Finely-powdered  Solid 

has  to  be  dissolved,  or  if  the  solid  is  extremely  soluble  in 
water,  the  solution  is  often  most  simply  made  by  introduc- 
ing the  weighed  solid  at  once  into  the  water  contained  in 
a  stoppered  bottle  or  beaker,  and  then  shaking  or  stirring 
the  water  until  solution  is  completed.  This  method  is 
successful  with  No.  10  (I160),  w^ith  Nos.  28,  34,  38,  48,  53, 
61,  03,  70,  77,  78,  81  (I161,  II62),  and  Avith  many  of  the 
substances  in  paragraphs  I163,  II64. 

1 143.  For  Dissolving  Large  Quantities  of  Solids  two 

methods  are  described  below.  The  first  (II44)  is  useful 
when  the  solution  must  be  rapidly  prepared,  and  is  of  general 
apphcation  to  the  solution  of  solids ;  but  the  second  (II45) 
is  decidedly  preferable  for  many  reasons,  and  should  always 
be  employed  if  possible. 

1 144.  F1R.ST  Method —  Weigh  out  the  required  (piantity 
of  the  solid  substance,  and  heat  it  with  distilled  water  in  a 
large  porcelain  dish  over  a  Bunsen-burner  with  a  rose-top,  or 
over  a  Fletcher-burner. 

This  solution  would  often  crystallise  as  it  cooled-  hence,  if 
it  is  not  clear,  it  should  either  be  filtered  in  a  hot  filter-jacket 
(see  Note,  below),  or  it  may  be  at  once  poured  into  some  cold 
distilled  water  contained  in  a  large  beaker,  which  has  been 
marked  to  show  the  quantity  of  liquid  required  to  fill  the 
store-bottle.    While  the  liquid  is  being  poured  out  of  the 
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dish,  a  wet  glass  rod  should  be  held  vertically  and  pressed 
against  the  lip  of  the  disb,  and  the  bottom  of  the  dish  should 
touch  the  top  of  the  beaker.  These  precautions  will  prevent 
the  Hquid  from  running  down  outside  the  beaker, 

JSfok.— The  Filter-jacket  (fig.  94)  is  a  double-walled  conical  vessel, 
which  is  shaped  to  tit  the  fiuinel,  and  which  has  a  hollow  projection  (a) 
communicating  with  the  interior  of  the  jacket.  Before  the  apparatus  is 
used,  it  is  about  half-filled  with  water.  The  v/ater  is  then  heated  to 
boiling  by  placing  a  Bunsen-flame  beneath  the  projection  (a),  which  is 

filled  with  water  communicating  with 
Fig.  9-1.  that  in  the  jacket.    In  this  way  hot 

water  will  circulate  throughout  the 
cupper  jacket,  and  thus  the  funnel 
supported  in  it  may  be  kept  hot 
during  filtration. 

The  solution  is  now  diluted 
with  distilled  water  to  the  re- 
quired volume,  if  this  has  not 
been  done  already  :  the  Hquids 
are  mixed  well  by  stirring ;  and  if  the  solution  is  turbid,  it 
is  covered  and  allowed  to  stand  until  it  is  clear.  It  is  then 
poured  off  into  the  store-bottle,  the  sediment  being  left 
behind. 

If  the  liquid  is  wanted  in  haste,  it  may  be  filtered  into 
the  bottle.  For  this  purpose  a  double  filter  or  a  fluted  filter 
may  be  used.  If  the  liquid  is  filtered  before  it  has  been 
diluted  to  the  full.extent,  the  quantity  to  be  passed  through 
the  filter  will  be  lesseijed  and  time  will  be  economised. 

The  Operation  of  Filtration,  as  it  is  described  for  ordinary 
analytical  purposes  in  paragraph  92,  is  very  slow  when  a 
large  quantity  of  a  sohd  has  to  be  separated  from  a  liquid. 
This  is  partly  due  to  the  fineness  of  the  pores  of  the  filter- 
paper,  and  partly  to  the  fact  that  the  paper  is  in  close  contact 
with  the  sides  of  the  funnel. 

Methods  are  described  below  which  serve  better  for  deal- 
ing with  large  quantities  of  material  to  be  filtered,  such  as 
are  used  in  the  preparation  of  pure  chemicals  and  of  stock 
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solutions.  It  will  bo  noticed  that  the  method  to  be  employed 
varies  with  the  character  of  the  solid. 

Gelatinous  or  Non- granular  Solids  arc  conveiiioutl}'  .separated  from 
the  lic|uiils  \vhicl\  contain  tlu'in,  liy  filtration  through  a  large  surfece  of 
fine  linen. 

One  nietliod  for  etfectiug  this  is  sliown  in  figure  95.  The  linen  is 
first  waslicil  in  hot  water  until  it  is  free  from  glaze  :  it  is  then  placed 
in  a  large  funnel  and  made  to  assume  the  shape  of  a  bag,  as  is  shown 
by  the  dotted  line.  The  bag  is  kept  in  its  place  by  pressing  a  ring  of 
wood  firmly  into  the  top  of  the  funnel,  as  is  shown  in  shaded  section. 
When  the  filtration  is  finished,  the  bag  may  be  squeezed  so  as  to 
reniove  the  adherent  li([uid  more  completely  from  the  solid. 

A  simple  mollification  of  this  method  consists  in  making  a  square 
wooden  frame  aliout  six  inches  across,  and  driving  in  a  wire  nail  at  each 
of  its  corners.    The  heads  of  the  nails  are  then  cut  off  so  as  to  form 
four  pins  upon  which  the  linen  can  be  hung 
in  the  form  of  a  bag.    The  funnel  is  thus  Fig.  95. 

dispensed  with. 

Granular  or  Crystalline  Solids  may  be  con- 
veniently separated  from  the  liquids  which 
contain  them,  by  means  of  a  circular  per- 
forated porcelain  plate  about  two  inches  in 
diameter. 

The  perforated  plate  is  dropped  into  the 
funnel  and  remains  about  If  itiches  from  the 
ajjex  of  its  conical  interior  surface. 

The  plate  is  then  covered  with  a  disc  of   Loose  Linen  Filtf.r. 
filter-paper  or  of  linen,  which  should  be  very 

slightly  larger  than  the  ])late.  After  the  moistened  filter  has  been 
pressed  into  close  contact  wdth  the  in.sidc  of  the  funnel,  the  licpiid 
which  is  to  be  filtered  is  poured  upon  the  filter.  Filtration  will  take 
])lace  much  more  rapidly  in  this  filter  than  in  an  ordinary  paper  filter 
which  is  in  contact  with  the  funnel  by  its  whole  surface. 

1 145.  The  Second  afETiioD  depends  upon  the  fact  that 
the  specific  gravity  of  water  becomes  liigher  as  the  quantify 
of  solid  dissolved  in  it  is  increased.  Hence  if  the  solid  is 
immersed  just  beneath  the  surface  of  the  water,  a  circula- 
tion of  the  liquid  is  produced.  The  water  which  has  been 
in  contact  with  the  solid,  and  has  been  increased  in  specific 
gravity  by  dissolving  it,  constantly  sinks,  and  is  replaced  by 
the  comparatively  lighter  liquid  from  below.    This  circula- 

2  G 
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tion  of  water  over  the  solid  siibstance  gradually  dissolves  it 
without  the  use  of  heat,  and  the  process  requires  no  atten- 
tion after  it  has  once  been  started.  Tlie  process  may  be 
carried  out  as  is  described  in  (a),  (b),  or  (c)  below. 

(a)  The  most  simple  method  of  applying  this  principle  is 
to  lay  the  weighed  solid  upon  a  piece  of  dry  well-washed 
muslin.  This  is  then  tied  up  into  a  little  bag,  and  is  sus- 
pended in  the  upper  part  of  the  water  contained  in  a  jar  of 
common  stoneware  or  earthenware  or  of  thick  green  glass. 
A  glass  rod  placed  across  the  mouth  of  the  jar  serves  to  hang 
the  bag  upon.  The  process  of  solution  by  this  method  is 
very  rapid. 

(b)  A  glass  cyHnder  A  (fig.  96)  which  is  open  at  both  ends 
(such  as  a  broken  beaker,  flask,  or  bell-jar)  has  one  end 
covered  with  muslin,  which  is  fastened  on  by  an  india-rubber 
rinc^  and  is  shown  by  the  lower  dotted  line.    This  cylinder 

with  a  musHn  bottom  is  supported  in  the 
jar  by  means  of  two  pieces  of  glass  rod  or 
tube,  bent  as  is  shown  at  e  c  c. 

Distilled  water  is  poured  into  the  jar 
until  it  buries  the  muslin  to  the  depth  of 
about  half  an  inch.  The  weighed  substance 
is  then  placed  in  the  cylinder,  and  the  whole 
is  allowed  to  stand  until  the  solid  has  been 
dissolved.  With  large  quantities  of  sub- 
stance this  will  usually  require  several  hours ; 
with  smaller  quantities  about  twenty  minutes 
or  half  an  hour  will  be  necessary. 


Fig.  96. 


Solution  of 
Solid. 


(c)  A  convenient  substitute  for  the  glass 
cylinder  with  muslin  bottom  is  an  earthen- 
ware colander  (fig.  97).  If  the  jar  is  too  large  a  stoppered 
bottle  of  suitable  size  may  be  placed  in  it  so  as  to  raise  the 
water  level  sufficiently  to  reach  the  substance. 

The  processes  of  solution  and  filtration  may  be  .performed 
simultaneously  by  laying  a  piece  of  filter-paper  on  the  bottom 
of  the  colander,  or  upon  the  muslin  before^it  is  fastened  on 
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Fig.  97. 


the  cylinder.  Tlie  presence  of  even  the  coarsest  filter-paper 
will,  however,  considerably  retard  the  process  of  solution. 

Large  quantities  of  substance  are  most  conveniently  dis- 
solved by  starting  the  process  overnight;  the  solution  will 
then  be  completed  by  the  morning.  In  this  case  the  retarda- 
tion caused  by  the  Hlter-paper  will  be  im- 
material. The  paper  is,  however,  usually 
unnecessary  ;  since  any  fine  particles  which 
have  passed  into  the  water  will  settle  during 
the  night,  and  the  liquid  can  therefore  be 
easily  decanted  from  the  sediment. 

It  must  be  borne  in  mind  that  the 
volume  of  the  water  is  increased  by  the 
solution  in  it  of  a  salt,  and  especially  by 
salts  which  contain  water  of  crystallisa- 
tion. Hence  the  quantity  of  water  which 
is  placed  in  the  jar  must  be  less  than 
the  volume  of  solution  required,  and  the  liquid  must  be 
made  up  to  the  required  volume  after  the  solution  has  been 
effected. 


Solution'  of 
Solid. 


I146.  Preparation  of  Saturated  Solutions  of  Solids  — 

A  solution  is  said  to  be  saturated,  when  it  contains  the 
largest  amount  of  the  substance  which  the  liquid  can  dis- 
solve at  the  temperature  of  the  solution.  The  quantity  which 
can  be  dissolved  usually  varies  widely  with  the  temperature 
and  in  the  case  of  solid  substances  commonly  increases  with 
rise  of  temperature.  Saturation  is  always  understood  to  be 
effected  at  ordinary  atmospheric  temperature  in  the  follow- 
ing  text. 

The  methods  described  in  paragraph  1145  are  very  con- 
venient for  the  preparation  of  saturated  solutions.    The  solu 
tion  IS  known  to  be  saturated  when  the  solid  supplied  to  the 
upper  part  of  the  liquid  ceases  to  be  any  further  dissolved. 

In  the  case  of  a  finely-powdered  substance,  which  will 
remain  long  suspended  in  water,  a  saturated  solution  may 
be  easily  obtained  by  shaking  the  powder  up  well  with 
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water.  The  powder  is  then  allowed  to  subside,  and  the 
clear  solution  is  decanted.  The  following  solutions  may  be 
prepared  in  this  way. 

1.  Calcium  sulphate  Solution,  No.  16  (ll6o),  is  made  by 
fining  a  Winchester-quart  up  to  its  shoulder  with  distilled 
water,  then  pouring  in  some  plaster  of  Paris  powder, 
stoppering  the  bottle,  and  shaking  it  well.  The  liquid  will 
remain  milky  for  a  long  time  ;  and  since  the  water  is  thus 
kept  in  contact  with  a  large  surface  of  the  solid  it  will 
become  saturated  with  Ca80^  before  the  powder  has 
settled. 

As  soon  as  the  liquid  has  become  perfectly  clear  by 
settHng,  the  solution  is  decanted  into  another  bottle  for  use. 
The  sediment  remaining  in  the  first  bottle  is  again  shaken  up 
with  a  fresh  quantity  of  water  and  the  bottle  is  set  aside. 
It  will  then  furnish  a  fresh  supply  of  the  clear  solution  when 
necessary.  I'' 

2.  Lime-tvater,  No.  57  (I162),  is  prepared  by  introducing 
freshly-slaked  lime  into  a  Winchester-quart  bottle,  filled  to 
its  shoulder  with  tap-water,  and  proceeding  precisely  as  is 
described  for  the  preparation  of  calcium  sulphate  solution  in 
the  preceding  paragraph.  | 


Solution  op  Gasbs. 

1 147.  Many  gases,  which  are  more  or  less  soluble  in 
water,  are  most  conveniently  applied  as  reagents  in  the 
dissolved  condition.  Those  solutions  which  are  most  fre- 
quently used,  such  as  solution  of  ammonia,  of  hydrogen 
chloride,  and  of  sulphur  dioxide,  can  be  readily  and  cheaply 
purchased. 

Of  the  remaining  gaseous  solutions,  hydrogen  sulphide 
solution  should  be  kept  in  readiness,  but  the  gas  may  be 
passed  through  the  test-Hquid  instead  (1127)  ;  nitrogen 
tetroxide  solution  is  replaceable  by  a  freshly  acidified  solu- 
tion of  potassium  or  sodium  nitrite ;  and  as  a  substitute  for 
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chlorine-water,  either  bromine- water,  or  freshly  acidified 
solution  of  bleaching-powder,  may  be  employed. 

It  will  be  seen,  therefore,  that  the  preparation  of  gaseous 
solutions  is  by  no  means  indispensable. 

1 148.  Preparation  of  Saturated  Solutions  of  Gases. — All 

the  solutions  of  gases  (II49-II53)  should  be  prepared  in  the 
o[)ou  air  or  under  a  good  draugiit,  since  the  gases  have  an 
unpleasant  smell  and  are  injurious  when  inhaled. 

Each  gas  is  made  to  pass  from  the  generating  ap[)aratus 
down  a  delivery-tube  {a  h,  fig.  98)  to  f/ic  huffom  of  some  cold 
distilled  water,  contained  in  a  bottle  which  can  be  closed  by 
a  well-fitting  stopper.  The  water  is  kept  cool,  if  necessary, 
by  immersing  the  bottle  in  a  pan  of  cold  water.  Bubbles  of 
gas  are  thus  made  to  pass  in  a  I'apid 
stream  through  the  whole  height  of  the 
liquid,  and  a  portion  at  least  of  each 
bubble  is  dissolved. 


The  solution  is  saturated  as  soon  as  the 
gas  is  not  further  dissolved.  This  may  be 
judged  in  some  cases  by  observing  whether 
the  bubbles  cease  to  diminish  in  size  during 
their  ascent  through  the  liquid.  But  a 
better  test  of  saturation  consists  in  with-  Saturation  of 
drawing  the  delivery-tube,  at  once  closing  \yATRR  with 
the  bottle  with  the  stopper  or  the  thumb, 
and  shakuig  it  well.  If  pressure  is  felt  from  within,  due  to 
the  liberation  of  some  of  the  dissolved  gas  by  the  agitation, 
the  solution  is  saturated.  But  if  suction  from  within  is 
felt,  due  to  the  gas  filling  the  upper  part  of  the  bottle  being 
dissolved,  the  liquid  is  not  yet  saturated  with  the  gas. 

II49.  Saturated  solution  of  Hydrogen  sulphide  (No.  36, 
1 161)  is  made  by  passing  the  gas  from  the  apparatus  de- 
scribed in  paragraph  1125  through  water  (fig.  98)  until  the 
liquid  is  saturated  (1148).  The  solution  sliould  be  prepared 
in  small  quantity  only,  since  the  gas  gradually  undergoes 
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decomposition,  attended  with  deposition  of  sulphur,  by 
oxygen  dissolved  from  the  air. 

1150.  Sulphurous  acid  Solution  (Xo.  49,  Il6l)  is  pre- 
pared as  is  described  above  (1148)  by  saturating  water  with 
sulphur  dioxide  gas.  The  gas  may  be  made  in  the  apparatus 
shown  in  figure  99  by  the  process  described  in  paragraph  62. 

This  solution  is  kept  in  stock  for  pharmaceutical  purposes, 
and  may  therefore  be  readily  purchased.  Liquid  SO.,  may 
also  be  purchased,  and  the  gas  which  it  evolves  by  spontan- 
eous evaporation,  when  the  valve  is  opened,  may  be  employed 
for  preparing  the  saturated  solution. 

1 151.  Chlorine-water  (No.  60,  1162)  is  made  by  passing 
chlorine  into  cold  water  until  the  liquid  is  bright  yellow  in 
colour.    The  apparatus  for  preparing  the  gas  is  shown  in 

figure  99,  and  the  process 
^ of  preparation  is  described 

in  paragraph  58.  The 
gas  may  also  be  obtained 
from  a  cylinder  of  liquid 
chlorine. 

Chlorine-water  is  rapidly 
changed  in  daylight  into 
solution  of  hydrochloric 
acid,  with  escape  of  oxy- 
gen. The  liquid  must 
therefore  be  kept  in  a 
perfectly  dark  closet,  or 
in  a  bottle  which  is 
shielded  from  hght  by  an 
opaque  covering. 

For  many  purposes 
bromine-water  (No.  43,  II61)  may  be  substituted  for  chlorine- 
water,  and  is  much  more  easily  prepared  and  preserved. 
Another  substitute  for  chlorine- water  is  a  little  bleaching- 
powder  shaken  up  with  water  in  a  test-tube,  and  acidified 
with  dilute  HCl. 


Pi:  El 'A  I!  ATI  ON  OF  ChLORINE  WaTER. 


1152,  1153.] 


SOLUTION  OF  GASES. 
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1 152.  Nitrogen  tetroxide  Solution  (No.  71,  I162).— 

Lead  nitrate  in  dry  powder  is  heated  in  a  test-tube  fitted 
with  a  cork  and  delivery-tube  (fig.  100).  The  reddish-brown 
gas  which  escapes  is  passed  into  dilute  H.^SO^. 

Care  must  be  taken  to  maintain  the  heat  uniformly  after 
the  fumes  begin  to  be  evolved,  else  the  liquid  may  be  sucked 
back  into  the  hot  tube  by  the  contraction  of  the  gas  on 

Fig.  100.  Fig-  101- 


Solution  of  Nitrogen 
Tetroxide. 


Passing  Silicon 
Fluoride  into  Water, 


cooling.  For  the  same  reason  the  delivery-tube  must  be 
removed  from  the  liquid  as  soon  as  the  heating  is  stopped. 
This  solution  need  not  be  saturated  with  the  gas. 

1 153.  Hydrofluosilicic  acid  (No.  35,  1161)  is  made  by 
passing  silicon  fluoride  gas  into  water.  The  gas  is  prepared 
in  a  flask  fitted  as  is  shown  in  figure  99.  An  intimate  mix- 
ture of  50  grammes  of  dry,  pure,  finely-powdered  fluorspar 
with  50  grammes  of  fine  white  saml  is  poured  into  this  flask ; 
300  grammes  of  strong  H.^S(j4  are  then  introduced  through 
the  funnel  tube,  and  the  acid  is  mixed  with  the  powder  by 
shaking  it  round  in  the  flask. 

SiF^  is  evolved  when  tlie  flask  is  heated  by  a  small  flame 
from  a  rose- burner.  The  gas  passes  first  through  the  two- 
necked  bottle  (fig.  99),  which  must  be  empty  and  dry  inside. 
Thence  it  escapes  through  a  bent  tube  a  h  (fig.  101),  which 
is  fitted  upon  the  outlet  tube  of  the  bottle  by  an  india- 
rubber  joint.    The  end  of  the  tube  (a  b)  dips  into  mercury 
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contained  in  a  small  beaker  d  (fig.  101),  which  stands  in  a 
large  beaker  containing  400  c.c.  of  Avater. 

As  soon  as  the  silicon  fluoride  gas  escapes  from  the  mer- 
cury, and  comes  into  contact  with  the  water,  it  forms  hydro- 
fluosilicic  acid  which  dissolves  in  the  water,  and  silicic  acid 
which  remains  suspended  in  the  water  as  a  gelatinous  mass. 
The  silicic  acid  would  soon  stop  the  escape  of  the  gas,  if 
the  end  of  the  delivery-tube  were  not  protected  from  con- 
tact with  water  by  being  immersed  in  mercury. 

When  the  current  of  gas  slackens,  the  heat  is  raised,  until 
white  fumes  of  H^SO^  begin  to  appear  in  the  preparation 
flask,  The  process  is  then  arrested,  and  the  gelatinous  silica 
is  separated  from  the  liquid  in  the  beaker.  This  is  effected 
by  squeezing  the  liquid  through  fine  muslin,  and  then  filter- 
ing, if  necessary,  to  make  it  quite  clear.  The  silicic  acid  may 
be  dried,  heated  strongly  in  a  porcelain  disli,  and  put  by  in 
a  stoppered  bottle  for  use  as  a  reagent  (Is^o.  86,  1 162). 


STORE-JAES  AND  BOTTLES. 

1 154.  Stock  of  Solid  Chemicals.— The  broad-necked 
common  green-glass  jars  with  flat  stoppers,  which  are  used 
for  preserves  and  confectionery,  may  be  used  as  store-jars 
for  large  quantities  of  solid  chemicals.  These  jars  are  very 
cheap  and  strong,  and  present  the  advantage  over  stoneware- 
jars  that  the  quantity  of  material  which  they  contain  is  seen 
at  a  glance.  The  flanged  stoppers  exclude  dust  and  can  be 
made  air-tight  by  fastening  a  cork  ring  around  their  lower 
part.  The  complete  exclusion  of  air  is,  however,  seldom 
necessary.  These  jars  can  be  purchased  in  several  con- 
venient sizes.  Solids  are  readily  removed  from  them  by 
means  of  wooden  spoons  or  horn  scoops. 

1 155.  Solids  for  Analysis.— The  little  white  glass  honey- 
jars  with  glass  caps  serve  well  for  keeping  smaller  quantities 
of  solids,  and  can  be  made  air  tight  by  means  of  a  cork  strip 
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fastened  round  the  neck.  These  jars  serve  for  storing  the 
solid  powders  which  are  required  for  analysis  in  the  labora- 
tory (I169-II72):  their  necks  are  of  the  necessary  width 
for  the  insertion  of  an  ordinary  watch-glass  to  remove 
substance. 

1 156.  Reagents  and  Test-solutions. — AVell-made  German 
white-glass  bottles  can  be  purchased  for  the  Reagents  and 
Test-solutions.  These  bottles  have  Hat-headed  stoppers  which 
protect  the  lip  from  dust,  and  each  stopper  has  been  ground 
into  the  bottle  so  as  to  insure  its  fitting.  Stopper  and  bottle 
are  then  prevented  from  permanently  parting  company  by 
having  an  identical  number  etched  upon  them. 

Accurately  fitting  glass  stoppers  should  not  be  used  in 
bottles  containing  solution  of  KHO  or  NaHO,  as  they  are 
certain  to  be  set  fast.  The  use  of  a  loosely  fitting  glass 
stopper,  made  to  fit  by  surrounding  it  with  a  piece  of 
rubber  tube,  obviates  this  difficulty. 

The  liquid  Bench-reagents  (1160)  may  be  kept  in  narrow- 
necked  bottles  of  6  or  8  ounces  capacity,  and  the  solids  in 
4-ounce  broad-necked  bottles.  The  General  reagents  (I161, 
1 162)  should  be  in  12-ounce  bottles.  The  Test-solutions 
(1 163,  1 164)  require  larger  bottles  of  about  32- ounce  capa- 
(;ity  :  these  solutions  may  be  kept  in  stock  in  Winchester- 
quart  bottles. 

1157.  Stock  Bench-reagent  Solutions.— The  licnch-re- 
agent  solutions  (I160)  may  be  conveniently  kept  in  stock  in 
an  accessible  position  in  the  laboratory  in  large  white-glass  jars 
with  glass  taps  below.  These  taps  are  ground  into  a  tubu- 
lure  near  the  bottom  of  the  bottle.  After  the  perfectly  dry 
tap  has  been  greased  and  inserted,  it  is  fastened  in  the 
tubulure  by  applying  externally  a  thick  coating  of  paraffin  wax. 
The  plug  and  seat  of  the  stopper  require  to  be  occasionally 
perfectly  dried  and  then  greased.  This  arrangement  of 
the  stock  enables  each  student  to  fill  his  own  bench-bottles 
when  necessary. 
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Labelling  bottles. 

1 158.  Every  Bottle  in  use  in  the  Laboratory  should  be 
Labelled.  Beginners  are  much  assisted  if  the  label  bears  not 
only  the  name  but  also  the  chemical  formula  of  the  substance 
which  is  contained  in  the  bottle.  It  is  also  convenient  to 
legibly  number  each  bottle  in  the  series.  This  number 
serves  as  a  short  means  of  reference.  It  also  helps  to  keep 
the  bottle  in  its  place,  so  as  to  ensure  its  being  easily  found, 
if  the  edges  of  the  shelves  are  numbered  to  correspond  with 
the  bottles  which  should  stand  on  them. 

The  gummed  labels  should  be  stored  in  a  dry  place. 
AVhen  the  label  is  used,  the  whole  of  the  gummed  surface 
should  be  wetted  and  made  to  adhere  to  the  bottle  by  pres- 
sure with  a  clean  cloth.  The  label  is  then  allowed  to  dry 
thoroughly,  and  is  protected  by  being  brushed  rapidly  across 
with  an  ordinary  broad  flat  and  stiff  gum-brush,  which  has 
just  been  taken  out  of  a  dish  of  melted  paraffin-wax.  A 
thin  coating  of  the  wax  is  thus  made  to  entirely  cover  the 
label  and  to  project  for  a  short  distance  beyond  its  edge 
upon  the  glass  sui:face. 

A  little  practice  will  render  it  possible  to  lay  on  an  even 
layer  of  the  wax,  which  does  not  penetrate  and  stain  the 
paper.  If  tlie  paraffin  is  heated  only  slightly  above  its 
melting-point  it  will  set  too  rapidly  to  penetrate  and  stain 
the  paper. 

This  paraffin  varnish,  if  properly  applied,  perfectly  resists 
the  action  of  water,  acids,  and  alkalis.  In  fact,  it  can  only 
be  removed  or  injured  by  mechanical  means,  by  heat,  or  by 
such  solvents  as  ether  and  turpentine. 

Bottles  containing  the  strong  mineral  acids  commonly  have 
the  name  or  formula  etched  upon  their  surface.  This  is 
costly,  and  it  is  unnecessary,  since  the  paraffined  paper  label 
resists  the  action  even  of  strong  acids. 

Names  and  formulae  painted  on  bottles  with  Brunswick- 
black  are  also  permanent  in  the  laboratory. 


[1159.]         LISTS  OF  REAGENTS  AND  CHEMICALS. 
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LISTS  OP  REAGENTS  AND  CHEMICALS. 

1 159.  In  the  Following  Lists  (1160-I165)  each  Reagent 
ami  Test-substance,  which  is  required  in  the  preceding 
Analytical  Course,  will  be  found. 

In  the  First  Column  of  the  Table  is  a  number  which  may 
be  used  for  reference,  and  which  serves  to  keep  the  bottle  in 
its  place  on  the  shelf. 

In  the  Second  Column  stands  the  name  of  the  substance, 
and  in  the  Third  its  chemical  formula. 

The  subsequent  columns  give  the  strength  of  the  solution 
and  the  details  of  its  preparation  are  added,  if  the  general 
methods  described  in  paragraphs  II40-II46  do  not  apply. 

An  "  s  "  following  the  reference  numbers  in  paragraphs 
1 163,  1 164  means  that  the  substance  is  required  in  the 
solid  state  as  well  as  in  solution.  A  4-ounce  bottle  con- 
taining some  of  the  powdered  solid  should  be  placed  near 
the  bottle  which  contains  the  solution. 

The  directions  for  preparing  liquid  reagents  have  been 
already  given  in  paragraphs  II4O-II53.  It  is  only  necessary 
to  add,  that  in  stating  the  proportions  of  solid  or  liquid  to 
water,  required  for  the  preparation  of  the  solutions,  the 
water  always  stands  last;  and  that  (???,)  signifies  proportion 
hij  measure  of  liquids  to  water,  and  {lo)  proportion  hy  weuj/it 
of  solids  to  water. 
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ll6o.' — Reagents  required 


1. 

2. 

3. 

Reference 

Name. 

Formula. 

number. 

[The  numbers  in  brackets  refer  to  remarks  corre- 
spoudiJigly  numbered  in  the  sixth  colunm.] 

Liquids. 

1. 

Sulphuric  acid  ('),  ..... 

H2SO4  . 

2.  ... 

ilydrochloric  acid  (  ').   

£IC1  «•» 

3.  . 

Nitric  acid  (^),  ...... 

HNOj  . 

4.  ... 

Acetic  acid  (*),  ...      ,„  ...   

I  HA,  or  J 

(  HC2H3O2  i 

5.  . 

Ammonium  chloride  (*),  .... 

NH,,C1  . 

6.  ... 

Ammonia,  or  Ammonium  hydrate  («),   

NHiHO  

7. 

Amiuouium  sulphide  ('),  .... 

(NHO2S  . 

8.  ... 

Ammonium  carbonate   

(NU4)2C03   

9.  . 

Ammonium  oxalate,  ..... 

(NH4)2C204.  H,,0 

10.  ... 

Potuoh,  or  Potassium  hydrate  

KHO   

11. 

Potassium  chromate,  ..... 

KjCrO^  . 

1  o 

1^.  ••• 

"Pnfn QQimTi  fpiTAt^vmildft          ...        ...        ...  ... 

K4reCy6.3H20  

lo. 

*  P^'tt,n^^i^lll  fprricvanide  (^\.                    .  . 
/ 1  Sodiuin  phosphate  (*®)>  or  ^ 

K.-jFeCyr, 

Hvrlrio  disodic  DhosDhiite.  or  ,,, 
(Hydrogen  disodium  phosphate,  ) 

Na2HP04.12H20 

15. 

Sodium  carbonate,  ..... 

NaoCOa-lOHjO  (crystals) 

16.  ... 

Calcium  sulphste,   

CciSO^    .••  ••• 

17. 

Barium  chloride,        .        .        .        •  • 

BaCl2.2H20  . 

Soliils. 
18.  ... 

Sodium  bicarbonate  (H),  .m   

NaHCOa 

19.  . 

Borax   

Na2B407 

20.  ... 

Potassium  chlorate,  ...   

£0103  ••• 

21. 

Test  papers,       .        .                .        •  • 

•                •                •  • 

•i-z.  ... 

Reduction  mixture  (m)   

Na2C0;.+KCN 

*  This  reagent  undergoes  dccomiiosition  by  exposure  to  light, and  must  not  be  kept 
t  Hydrogen  sodium  ammonium  phosphate  (NaA.niHP0)4  solution  serves  better  for 
given  a7)ove  for  NanHPO,. 
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Weight  of  solid  in 
t;rain3  to  hv  (lis- 
golvfd  in  one  "  \\  in- 
cliester  "  of  water. 


r.oo 


400 

100 
:;oo 
■ZOO 

200 

200 


Proportion  of 
solid  l)y  weight 
(w.)  and  li(iuid 
by  nicasui'C 
(m.)  to  water. 


fiOO 

Saturated  solution  (1146) 
200 


In  small  crystals. 

Blue  and  red  lit- 
mus, and  turmeric 
papers,  in  small 
strips. 


5  ni. 
3  „ 
3  „ 


8  w. 

3  m. 
1 

5  w. 
24  „ 

S  M 

12  ,. 
12  ., 
12  ., 


1  :  12  ,. 
1:4,. 
1    12  .. 


6. 

Remarks. 

[The  small  numbers  refer  to  corresponding 
numbers  in  the  second  column.] 


1.  Pure  strong  11.2804  must  be  poured  in  the 
proper  proportion  into  water  contained  in  a 
lai-go  tliin  bcalier  or  au  earthen  jar,  con- 
stantly stirring  the  water  all  the  time  :  the 
right  proportions  are  obtained  by  measure- 
ment of  the  height  of  the  vessel  (1140)-  The 
hot  liquid  is  cooled  by  immersing  tlie  vessel 
in  cold  water,  and  is  then  poured  into  the 
store  bottle.  If  the  acid  is  pure,  no  white 
precipitate  (PbSOj)  forms  during  dilution. 

2.  Must  colourless,  and  give  after  dilution 
no  precipitate  with  either  BaCl2  or  II2S,  and 
no  colour  with  KCyS. 

3.  Must  give  no  precipitate  after  dilution,  with 
BaClo  or  AgNO.^,  iidded  to  separate  portions, 
and  no  colour  with  KCyS. 

4.  JIust  give  no  precipitate  with  BaCl^  . 

5.  Must  give  no  precipitate  or  coloration  with 
Am^S . 

6.  Must  give  only  a  very  slight  precipitate 
with  lime  water,  no  coloration  with  Am.jS, 
and  separate  portions  acidified  with  HNO3 
must  give  no  precipitates  with  BaCl.>  and 
AgXOj.  "  Liquor  ammouiro  fortissima,"  of 
880°  specific  gravity,  is  bouglit. 

7.  Must  be  yellow,  and  give  with  acids  HgS 
and  a  white  precipitate  of  S  :  it  nuist  give  no 
precipitate  with  solutions  of  Ca-  or  Mg-salts. 

8.  The  solid  .'VmoCOj  is  dissolved  l)y  tlie  secoiui 
method  (1145)  in  cold  w  ater,  but  in  dilutinu', 
one-fourtli  of  the  "  ^Vincheste^ "  nmst  be 
filled  with  strong  AmllO. 

'.).  Alust  give  no  Idue  precipitate  with  FczClg 
solution. 

10.  .Must  yield  no  precipitate  with  AmllO. 

11.  Dry  Ihiely-powdered  "  bicarbonate  of  soda." 
It  must,  after  having  been  dissolved  in  ex- 
cess of  lINOj,  give  no  iirecipitate  with  BaCL 
or  AgNOj,  or  AmIlMo()<  (578)  aiid  if  eva- 
porated with  excess  of  llc;l  must  leave  no 
residue  insoluble  in  dilute  llC.'l  (599). 

12.  The  bora.x  is  l>est  dried  by  heating  it  in  a 
platinum  or  porcelain  dish  until  after  melt- 
ing it  has  again  l>ecome  solid  ;  this  solid 
mass  is  then  finely  powdered  in  a  mortar 
and  kept  iu  a  stoppered  bottle. 


near  a  window.  Dissolve  a  fraament  of  the  solid  (No.  93)  eacli  time  it  is  required, 
precipitation  of  Mg  than  does  NaoHFO^  solution:  it  is  prepared  of  the  strength 
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I161.  —Reagents  fob  General  Use, 


Except  in  large  laboratories,  it  will  be  unnecessary  to  keep  those 
in  the  laboratory,  may  be  made  up  to  the  right  strength,  as  soon  as  they  aro 


Reference 
numl)er. 


25. 
2G. 
27. 
28. 
29. 
30. 

31. 

32. 
33. 
34. 
35. 

36. 

37. 

38. 
39. 

40. 

41. 

42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
62. 
63. 
54. 


2. 

Name. 

[The  small  numbers  in  brackets  refer  to  remarks 
correspondingly  numbered  in  the  fifth  column.] 


Sulphuric  acid  (") 
Hydrocliloric  acid  (2)* 
Nitric  acid  (3)*  . 
t  Platinum  chloride  ... 
Alcohol,  Rectified  spirit  ('») 
Tartai-!c  acid  (i*) 

Acid  sodium  tartrate,  Hydric  sodic  tartrate  (^o) 

Slaked  lime  (21)  

Acetic  acid  (■•)*  ...... 

Cobalt  nitrate  (22)   

Hydrofluosilicic  acid  .... 
(  Sulphuretted  hydrogen  solution  ) 
t  Hydrogen  sulphide 

Oxalic  acid 

Potassium  sulphocyanide 
Potassium  nitrate 

Lead  acetate 

Sodium  acetate  . 

Potassiiun  cyanide  (^c) 
Bromine-water  (2^)  I 
Stannous  chloride  (^s) 
Copper 

Zinc  (30)  

Steel  (31)  . 

Silver  nitrate   

Sulphurous  acid 
Copper  sulphate 
Magnesium  sulphate  . 
Mercuric  chloride 
Gold  chloride 
Ammonium  acetate  ... 


3. 

Fornnita. 


HCl   

HNO3  . 

PtCl4   

CzHcO  . 

HoT  or  H2C4F40« 
J  NaHT.HjO 
( NaHC4H40s.H.,0 

CaCHO), 

HA  or  HCaHsO., 
Co(N03)2.6H20 ' 
HoSiFc  . 


[oO  }■ 


HaS-solution 

J  H2O.2H2O 
( H2C2O4.2H2O 

KCyS  ... 

KNO3  . 
(  PbA2.3H20 

■(  Pb(C2H362)2.3Ho 

( NaA.SHoO  ) 
'( NaC2H362.3H20  ) 

KCy,orKCN  ... 

Br-water 

SnCl2.2H20  ... 

Cu 

Zn 

Fe 

AgNOj  ... 
H2SO3  . 
CUSO4.5H2O 
MgS04.7H..O 
HgCl,  ... 
AUCI3  . 
AniA 


*  See  last  column  on  the  preceding  page. 

t  Must  be  used  in  very  small  quantity  only,  being  an  expensive  reagent. 


Sodium  hypochlorite  (NagCljO),  the 
may  be  used,  but  does  not  keep  well. 


■  Liquor  Sodae  Chlorinatae  "  of  coir.nierc« 
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FOR  THE  Detection  of  Metals. 

:  reagents  in  store  in  quantity.    The  12  oz.  bottles  in  which  tlioy  are  contained 
empty,  hy  the  proportions  stated  below  in  column  4. 

4. 

Proportion  by  weight  of 
solid  to  water  :  and 
wtiiglit  ill  grams  for 
an  18  oz.  bottle  in 
square  brackets. 

5. 

Remarks. 

(The  numbers  in  this  column  refer  to  those  in  brackets  in 
the  second  column.] 

.   Strong  pure. 
•••      II  )» 

•      .      II  II 

„,   1  :  .30  [15  grams]. 
•   .      .  Strong. 
1        ...   1  :  10  [45  grams]. 

...  Solid. 

.  Strong. 
...   1  : 12  [40  grams]. 

.  See(iiS3)- 

...   See  (1149). 

.   1  : 12  [40  grams]. 

...   1  :  100  [5  grams]. 
.  Solid. 

...  1  : 12  [40  grams]. 

.  Solid. 
...  Solid. 

...   1  : 12  [40  grams]. 

...   1  :  25  [20  grams]. 

.    See  1026). 
...    1:1-2  [10  grams]. 

.    1  :  12  [40  grams). 
1        ...   1  :  20  [.TO  grams]. 

.   1  :  30  [15  grams]. 
...    1  : 12  [40  grams]. 

17.  Must  bo  colourless  and  form  no  bro\vn  ring  when  poured 
below  some  FeS04  solution  (,S44)' 

18.  Strong  rectified  methylated  spirit,  which  must  leave  no 
residue  on  evaporation,  and  remain  clear  on  dilution. 

19.  The  solution  siiould  be  mixed  immediately  after  preparation 
witli  several  drops  of  carbolic  acid  to  prevent  a  vegetable 
growth  forming  in  it :  or  better  still  some  crystallised  H.,T 
siiould  be  dissolved  wlien  wanted. 

20.  Dissolve  10  grams  of  H..,T  in  100  cc.  »  of  water,  divide  this 
solution  into  ciinal  parts," exactly  neutralise  (103)  one  part  by 
heating  it  nearly  to  boiling  and  stirring  in  smid  KaoCOu  in 
powder  ;  add  to  "this  the  other  part,  cool  and  dilute  to  150  cc. 
A  few  drops  of  carbolic  acid  should  be  added  to  the  solution. 

21.  Pieces  of  freshly-burnt  lime  are  placed  on  a  plate,  and 
water  is  poured  upon  them  until  they  begin  to  appear  moist 
on  their  surface  ;  the  superfluous  water  is  then  drained  off, 
and  as  soon  as  the  lime  has  cruml)led  to  powder,  it  is  placed 
in  a  broad-mouthed  stoppered  bottle. 

•22.  The  bottle  should  he  closed  with  a  loosely-fltting  india- 
rubber  stojiper,  perforated,  and  with  a  glass  tube  passed 
tlirough  it  and  <lipping  into  the  solution  ;  when  a  drop  of  the 
solution  is  rctiuii-ed,  the  upper  end  of  the  glass  tube  is  closed 
by  the  finger,  and  a  drop  is  delivered  from  tlie  opposite  end 
by  slightly  relaxing  the  presstire  of  the  finger. 

23.  The  solution  must  give  no  precipitate  with  Sr(N03)2 
solution. 

24.  This  solution  must  not  darken  on  adding  AmHO. 

25.  A  little  HA  must  be  added  to  this  solution  to  make  it  clear. 

26.  Solution  of  KCy  is  made  (1  :  12);  it  decomposes  so  readily 
that  the  solution  is  best  made  immediately  before  use  by 
heating  a  small  piece  of  solid  KCy  with  distilled  water.  , 

2".  A  few  drops  of  Br  dissolved  by  well  shaking  with  water. 

28.  Crystals  of  SUCI2  should  be  dissolved  by  heating  them  with 
water  containing  some  HCl ;  the  solution  should  be  kept  in 
a  well-stoppered  bottle  containing  pieces  of  granulated  or 
block  tin. 

29.  In  strips  cut  from  thin  copper-sheet. 

30.  In  strips  or  rods,  or  granulated;  it  must  be  proved  to  be 
free  from  As  (315,  316,  or  317). 

31.  Common  knitting-needles  broken  into  short  lengths,  and 
kept  in  a  bottle  containing  pieces  of  quicklime  to  prevent 
rusting. 

•  cc  is  the  contraction  for  cubic  centimetre.    See  weights  and  measures  (liyS)- 
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GENERAL  REAGENTS  FOR 


[1162.] 


II62. — Reagents  for  General  Usk, 
Refer  to  the  stateiiieiit  under 


Reference 
imnil>ei-. 


57. 
58. 
59. 
CO. 
Gl. 
62. 
63. 
C4. 
Ci). 
CO. 
07. 
68. 
Ci). 
70. 
71. 
72. 
73. 
74. 


7C. 
77. 
78. 
79. 


80*. 

81. 

82. 

83. 

84. 

8.1. 

8G. 

S". 

88. 

8:). 

"10. 

.01. 

92. 
93. 
94. 


2. 

Name. 

[The  small  minibers  in  braokots  refer  to  corre- 
spoiuliiig  numbers  in  tlie  tiftli  column.] 


Lime  water 

Lead  acetate  in  potash  {^■)  ... 
rotassiuin  clivliromate 

Chlorine  water  

Ferric  chloride  (^^) 

FerroiLs  sulphate  {^*)  

Potassium  iodide 

Starch  («)   

Indigo-solution  (•'") 

Manganese  dioxide  (^0 

Potassium  dichromate  (3") 

Kthcr  (methylated)   

Carbon  disulphide 

Potassium  nitrite  (3*)  

Nitrogen  tetroxide  solution  . 

Ammonium  niolybdate  ('"')  ... 

Calcium  fluoride 

Potassium  disulphate  

(  Microcosmic  salt,  or  . 

"(  Hydric  animouic  sodic  phosphate 

Wax,  or  paraffin   

Calcium  chloride 

Potassium  chloride   

Marble  .... 


}(40a) 


Distilled  water  (■•')   

Pure  sodium  hydrate  (''-),  pure  soda 

Fusion  mixture  ('^)   

Barium  carbonate  (■'^)  . 

Solution  of  sodium  acetate  in  dilute  acetic  acid 

Sodium  nitrate  (■"'),  solid, 

Silica,  or  finely  pow'dered  wliite  sard  (1153) 

Hydrollnoric  acid  (•"')  .... 

Zinc  sulphate.    (See  No.  111).  . 

Calcium  carbonate,  pure  ('970)   

Ammonium  chloride,  pure,  in  powder  (io3i) 

Barium  peroxide,  in  flue  powder   

Alcoliol,  SI),  gr.  0  83   

(■potassium  ferricyanide,  solid,  in  sniall  l 
\    pieces  (1160.  13)  / 

Lead  nitrate,  iu  small  pieces   


3. 


Formula. 


Ca(110)2 

PbAo+ivHO 

K^Cr-P; . 

Cl-solutioii 

FeX'lg  . 

FeS<)4.7II.;0 

KI 


Mn02   

KoCr.O; . 

CS2 

KNO,   

N204-soIution  . 

(NH4)HMo04 

CaFj 

KHSO4  

NaAmHP04.4H20 


CaCl2.eH20  (crystals) 

KCl  

CaCOa  . 


(45) 


H.,0 
KaHO 

Nii20O3+K..C03 

BaCOs 

NaA+HA 

NaNOa 

SiOo 

hf" 

ZiiS04.7IIoO 

CaCOj 

NH^Cl 

BaO, 

CoHgO 

KsFeCys 

Pb(N03)2 


^  


Nos.  80-94  are  certain  special 
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I  THE  Detection  op  Acid-radicles. 


heading  of  paragraph  ii6i. 


1 

4. 

Proportion  by  weight  of 
solid  to  water :  mid 
weight  in  grains  for  a 
IS  oz.  bottle,  in 
square  brackets. 

5. 

Kemarks. 

[The  numbers  in  this  column  refer  to  corresponding 
numbers  in  the  second  column]. 

.    See  (1146) 

.    1 :  24  [20  grams]. 

...  See  (xis^)- 

.    1 :  24  [20  graiuB]. 

...  Solid. 

.    1 :  60   [8  granisl. 
...  SoUd. 

...  Solid. 
.  SoUd. 

...   1 :  24  [20  grams]. 
.    See  (1152). 

In  powder. 
...   lu  small  pieces. 

.    In  small  crystals 

...   Solid  in  pieces. 

.    1:  12  [40  grams]. 
...   1:12  [40  grams]. 

.  In  pieces  as  large  as  a  pea. 

32.  To  some  of  the  PbA,  solution  (No.  40)  KHO  solution  is 

added  until,  on  warming,  the  precipitate  at  first  formed 
is  just  redissolved  :  paper  dipped  into  this  liquid  is  a 
very  delicate  test  for  HoS  (512). 

33.  The  solution  should  not'coutaiu  any  free  acid  :  to  re- 

move acid  AmllO  is  added  until  the  further  addition 
of  a  sinjle  drop  gives  a  reddish-brown  precipitate  of 
Fe-.UgOu  in  the  solution. 

34.  FeS(34  solution  rapidly  oxidises  in  the  air,  hence  the 

J''eS04  should  be  kept  in  the  solid  state  as  small  green 
crystals,  which  should  not  sliow  a  yellow  coating  in 
any  part ;  these  are  dissolved  when  required  by 
crushing  and  shaking  with  cold  water. 

35.  Starch  solution  rapidly  changes,  it  is  best  therefore  to 

keep  the  starch  as  a  powder.    Starch  solution  is  made 
by  stirring  2  grams  of  this  powder,  which  has  been 
made  into  a  paste  with  10  c.c.  of  cold  water,  into  100 
c.c.  of  boiling  water  and  cooling. 
30.  ^lade  by  dissolving  indigo-carmine  in  water. 

37.  Should  be  kept  in  fine  powder  ;  it  must  not  evolve  CI  or 

CO2  when  warmed  with  strong  H.2SO4  . 

38.  In  small  pieces,  or  in  powder. 

3!).  The  solution  is  prone  to  change,  and  should  be  made  in 
small  quantity  only  :  it  must  evolve  copious  red  fumes 
when  mixed  with  II..S()4 . 

40.  Make  the  solution  wlith  the  f(dlowing  proportions  : — 1 
gram  of  Ain._,Mo()4  is  dissolved  in  12-,'j  c.c.  of  strong 
Am  IK  )  which  lias  lieen  previously  mixed  with  an  e(iual 
quantity  of  water,  the  solution  is  allowetl  to  stand  (if 
necessary)  till  clear,  then  poured  off  into  50  c.c.  of 
strong  IINO3:  the  li(iuid  will  become  hot,  and  should 
be  allowed  to  stand  uutil  it  is  cool  before  being  used. 

40  a.  The  IINOs  solution  of  this  salt  must  yield  no  precipitate  with  AgNOs. 

41.  Must  leave  no  residue  on  evapuratioii ;  in  separate  jiortions  no  precipitates 

must  be  caused  by  J5aCl2,  AgNOa,  or  Am2(;204,  neither  must  any  precipi- 
tate or  even  dark  coloration  l)e  produced  liy  addition  of  Am.j.S. 

42.  The  proportion  liy  wei.^'ht  should  be  1 :  10  Of  water ;  it  is  best  kejit  in  green 

glass  liottles,  as  it  slowly  dissolves  Pb  from  white  lliiitglass.    'J  he  solution 
must  not  become  dark  in  colour  wlieii  mixed  with  ll.jS,  nor  give  a  gela- 
tinous precii)itiite  aJ2(  110^8  when  mixed  with  excess  of  AniCl  solution. 

43.  Dry  finely  pow<lered  Na  .rO;,  and  KjCOs  are  intimately  nii-\ed  in  the  propor- 

tion of  ki  :  09  by  weight,  and  kept'iii  a  stoppered  iiottle. 

44.  Pure  powdered  ikcOa  is  either  purchased,  or  i.s  made  liy  precipitating  BaC'la 

Solution  completely  with  Am.jCOa  or  Na-.("()3  solution,  and  wa-sliin;;  the 
precipitate  well  liy  decaiitation.    Thispovvder  is  then  mi.xed  with  distilled 
water  to  the  consistency  of  thin  cream. 

45.  Dissolve  20  grams  of  NaA  in  00  c.c.of  distilled  water,  and  add  to  the  solution 

40  c.c.  of  strong  HA. 

46.  Made  liy  neutralising  strong  hot  NaoCOj  solution  with  IINO3  and  evaporat- 

ing to  dryness.    Sold  also  as  Chili  saltiietre. 

47.  Purchased  and  kept  in  gutta-percha  bottles. 

reagents  entered  apart. 


2  H 
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TEST  SOLUTIONS  FOR 


[1163.] 


1 163. — Solutions  for  the 

Each  bottle  should  bear  on  its  label  the  number,  name,  and  formula  of 
solid  of  each  of  those  substances  whose  number  has  a  small  (s)  affixed  to  it,  should 
carry  on  their  label  the  name,  number,  and  formula  of  the  substance. 


Keference 
number. 


100.  s. 

101.  s. 

102.  s. 

10S.8. 

104. 
105. 
106. 

107.S. 

108. 
109.3. 

110.3. 

lll.S. 

112.  s. 

113.S. 

114. 

115.3. 

116.S. 

117.3. 

118.3. 

119.S. 
120.3. 

120. 

121.8. 

122.3. 

123.3. 

124. 

125. 

120. 


2. 

Name. 

[The  numbers  in  brackets  refer  to  similarly 
numbered  remarks  in  the  last  column.] 


Potassium  chloride 

Ammonium  chloride   

Sodium  chloride.  . 

Magnesium  sulphate  

Barium  chloride  . 

Strontium  nitrate   

Calcium  chloride 

/Alum,  or  "k 
\  Aluminium  sulphate  J 

Ferric  chloride  (a)* 

Ferrous  sulphate  (■")   

j  Chrome  alum,  or 

(  Chromium  potassium  sulphate 

Zinc  sulphate    ^. 

Manganese  chloride  (a) 

Nickel  sulphate  

Cobalt  nitrate 

Mercuric  chloride   

Lead  acetate  . 

Bismuth  nitrate  (*•)   

Copper  sulphate 

Cadmium  sulphate  (a)  

(  Arsenious  oxide  (a)  (*')  ) 
\    Solution  in  dilute  HCl    {  ' 
(  Arsenious  oxide  (a) 
(    Solution  in  water 

Sodium  arsenate 

Antimonious  chloride  t 

Stannous  chloride  (*^)  . 

Stannic  chloride  ... 

Silver  nitrate 

Mercurous  nitrate 


Formula. 


KCl 

AmCl   

NaCl 

MgS04.7H20  ... 
BaClo.2H20  . 
Sr(N03>^.4H2O 
CaClz.eHaO 

Al2(S04)3 

FezClg  , 
FeS04.7H20  ... 

CrK(S04)2.12n2O 

ZnS04.7H20  ... 
MnCl,  . 
NiS04.7H20  ... 
Co(N03)2.6H20 

HgCl2   

PbA2.3H20 
Bi(N03)3.5H20 
CUSO4.6H2O  . 
CdS04.4H2O  ... 

As.^03     .  . 


Na2HA304.12H20 

SbCls   

SnCl2.2H20 
SnCU 
AgNOj  . 

Hg2(N03)2.H20 


*  a  signifies  that  the  s(jlid  substance  is 
t  Solid  SbjOjj  or  K(SbO)T  (Tartar  emetic) 

•I 


I 
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the  substance.  A  small  4  oz.  wide-mouthed  bottle,  containing  the  powdered 
be  kept  near  the  correspoudiug  solution.    These  wide-mouthed  bottles  should  also 


Weight  of  solid  in 
grams  to  l)e  ilissolveti  in 
one  "  VViui;hest<ir." 


100 

200 

50 

50  . 

25 
300  . 
200  (in 

100 

25 
25 

60 

25 
25 
50 
50 
50 
50 
25 
50 
25 

10 


60 

25 
25 

25 
25 


cryst: 


lis) 


Proportion  by 
weight  of 
solid  to 
water. 


25 
12 
50 
50 
100 
8 
12 


100 
100 

50 

100 
100 
50 

50 
50 

100 
50 

100 


1  :  250 


50 
100 
100 

100 
100 


6. 

Remarks. 

[These  numbers  correspond  to  the  small  reference 
numbers  in  brackets  in  the  second  column.] 


48.  The  solution  must  be  made  acid  with  a  little 

II2SO4,  and  some  clean  iron  nails  kept  in  it;  or 
better,  a  small  quantity  is  freshly  prepared 
when  re<it^iired,  see  No.  62  (1162). 

49.  A  little  HA  must  be  added  to  this  solution  to 

make  it  clear. 

50.  25  grams  of  Bi(N03)3  must  be  dissolved  by  heat- 

ing with  25  c.c.  of  strong  HCl  diluted  with  25 
of  water;  this  solution  is  cooled  and  poured 
into  the  bottle,  and  tlie  measure  made  up  by 
pouringin  dilute  11  CI  con  taming  one-twentieth 
of  its  volume  of  strong  U  CI. 

51.  Dissolve  10  grams  of  As-^O.-,  by  heating  it  with 

50  c.c.  of  strong  HCl  mixed  with  50  c.c.  of 
water,  and  dilute  to  the  Winchester-<iuart. 
62.  Boil  excess  of  As^Os  for  several  minutes  with 
2000  cc.  of  water,  and  filter  into  the  quart- 
bottle,  t 

53.  28  grains  of  crystallised  SbCls  are  dissolved  ii; 

25  c.c.  of  strong  HCl  mixed  witli  25  c.c.  of 
water,  and  diluted  to  the  (]uartt  with  IICl 
mixed  with  four  times  its  measure  of  water. 

54.  BoU  25  grams  of  SnCl.^  witli  50  c.c.  of  strong 

HCl  mixed  with  50  c.c'  of  water,  as  soon  as  it 
has  dissolved  to  a  clear  solution  dihite  to  the 
(luart^.  Scraps  of  Su  must  be  kept  in  the 
bottle. 

55.  Heat  25  grams  of  SnOlz  with  25  c.c.  of  strong 

HCl  and  100  c.c.  of  water;  whilst  constantly 
stirring,  add  KCIO,  to  the  hot  solution  until 
the  liiniid  turns  yellow  and  (U  is  smelt,  boil 
off  the  CI  and  dilute  to  the  quart}. 

56.  Dissolve  by  wanning  25  grams  of  Hg..(N03)- 

with  6  c.c.  of  strong  IINOj  dilnted  with  114 
c.c.  of  water,  then  jiour  water  into  this  solu- 
tion until  it  is  diluteii  to  a  quart;.  Keep  Hg 
in  the  bottom  of  tlie  bottle. 


not  in  the  crystalline  condition. 

may  be  used  for  the  blowpipe  reaction. 


Winchester-quart. 
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1 164.  Solutions  for  the 

Refer  to  the  note  at  the  head  of  the  preceding  Table,  which  is  ah^) 
amongst  the  reagents  (1160-1 162)  and  the  solutions  for  the  reactions  of 


Reference 
K  umber. 


130. 
131.S. 

132.8. 

133.3. 

134. 

135. 

136.  s. 

137.S. 

138.8. 

139.8, 

140.8. 

141.8. 

142. 

143 

144.8. 

145. 

146.S. 

147.8. 

148. 

149.3. 

liiO. 

1.51. 

152. 

153.  S. 

154.8. 

155.8. 


2. 

Name. 

[The  small  numbers  in  brackets  refer  to  the  corre- 
siioudiug  numbers  in  the  sixth  colmnn.] 


Sodium  sulphate  .       .       .  • 

j  Sodium  carbonate  (")  

(  Marble  (calcium  carbonate)  P^")  . 

j  Ferrous  sulphide  (***)  ~ 

\  Ammonium  sulphide  (^*") 

Acid  sodium  sulphite  ...  ^ 

Sodium  thiosulphate  . 

Sodium  hypochlorite  (**)   

Potassium  nitrite  (a)  . 

Potassium  nitrate  :  [Solid  Lead  nitrate] 

Potassium  chlorate 

Sodium  chloride 

Sodium  bromide  . 

Potassium  iodide  

Sodium  phosphate 

Sodium  arsenate  (P^)   

Borax  ("-)  .       .        .        .  • 

Potassium  bichromate  

j  Sodium  silicate  ("3) 

I  Silica  (white  sand)   

Fluor-spar  (calcium  fluoride) . 

Hydrotluosilicic  acid   

Potassium  cyanide  ("*) 

Potassium  ferrocyanide   

♦Potassium  ferricyauide 

Potassium  sulphocyanide   

Ammonium  oxalate  C^) 

j  Tartaric  acid  ("')   

t  Sodium  tartrate  (^') 
Sodium  acetate  (*')   


3. 

Formula. 


Na2SO4.10H2O . 

NaHCO, 

CaCO, 

FeS 
AmjS 

NaHSOs  

NaoSaOs.SHaO  . 
Na-iCliO 
KKC,  . 

K-VO3  :  [Pb(N0.3)t;] 
KCIO3  . 

Naa   

NaBr 

KI   

Ka.,HP04.12HoO 

Na.iHAs04.12H.,0 

Na..,B4O7.10H.jO 

K.,CroO.? 

Na-.-SiOs 

Sio'o 

CaFj   

H.^SiFe 
KCy 

K4FeCy6.3H20 

K-FeC.v6 

KCyS   

Ani2C204.2H20 

H.T^   

Na./r.2Il20 
KaA.SU.b 


•  See  No.  13  (ll6oj. 
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Reactions  of  the  Acid-Radicles. 


applicable  to  this.  Many  of  the  solutions  in  iliis  list  are  already  piepared 
metals  (1163). 


4. 

Weight  of  solid  in  grams 
to  lie  dissolved  ii!  one 
\V  iiichester-quart. 

5. 

Proportion  by 

weight  of 
solid  tu  water. 

25 

1  : 

100 

...  100 

25 

100 

1 

25 

100 

25 

...  100 

1 

25 

50 

50 

50 

50 

50 

50 

12 

■  200 

50 

:  50 

50 

:  50 

2o  ••■ 

1 

:  100 

In  fine  powder. 

50 

:  50 

25  ••• 

:  100 

25 

:  100 

25  ••• 

:  100 

100 

:  25 

:  10 

6. 

Remarks. 

"he  numbers  correspond  to  the  small  referencf 
numbers  iu  bracliets  in  the  second  column.] 


57.  The  NaHCOa  is  required  only  in  the  solid 

form,  and  can  lie  taken  from  the  reauent 
bottle  on  the  working  bench,  No.  18  (1160). 
57a.  The  marble  is  kept  in  small  pieces  as 
large  as  a  pea ;  it  is  found  iu  reagentbottle 
No.  79  (1162). 

58.  The  FeS  is  kept  as  a  solid  In  small  pieces  as 

large  as  a  pea. 
5.Sa.  The  AmsS  can  be  taken  from  reagent 
bottle  No.  7  (1160)  on  tlic  working  bench. 

59.  Strong  "Liquor  Sodse  Clilorniat£E,"  dOuted 

with  an  ei\ua\  measure  of  water. 

60.  No.  102,  paragraph  (1163).. 

61.  No.  121,  paragi  apli  (1163). 

62.  No.  19,  paragraph  (1160). 

63.  The  solution  is  nuuiu  by  dissolvmg  100 

grams  of  the  thick  syrup,  sold  as  "  soluble 
glass,"  in  water,  and  dibiting  to  the  Win- 
cliester-qnart.  The  solid  substance  to  be 
used  is  sand  fhiely  ground. 

64.  No.  3.1,  paragraph  (1161). 

65.  No.  42,  paragraph  (ii6i).  The  solution  de- 

composes by  keeping,  a  little  solid  is  dis- 
solved when  re(iuired. 

66.  No.  9,  paragraph  (n6o). 

67.  No.  30,  paragraph  (1161). 

68.  123  grams  of  HoT  are  dissolved  by  heat  in 

500  c.c.  of  water,  tlie  hot  sohition  is 
exactly  neutralised  with  solid  Na-^COa,  and 
then  diluted  to  a  Winchester-quart. 

69.  A  httle  of  the  solid  substance  (No.  41,  1161) 

lb  dissolved,  wlicn  required,  iu  water. 
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1 165.   Special  Test-Substances  and  Reagents  fob  the  Rarer 
Elements  and  Organic  Substances. 

Only  those  substances  are  entered  here  which  do  not  occur  in  the  preceding  lists. 


I.  Inorganic  Test-Substances. 

Thallium  sulphate, .  .  .  TI2SO4 
Sodium  tun<?state,  .  .  .  ]ya2W04 
Palladium  chloride,    .  .  PdCl2 
Ammonium  molybdate,  Am.,Mo04 

Iron  selenide  FeSe 

Potassium  selenate,    .  .  KoSeOj 
Lead  telluride,  PbTe 


Potassium  tellurate 
Uranium  nitrate, . 
Indium  sulphate. 
Beryllium  sulphate, 
Titanium  oxide,  . 
Sodium  vanadate,  . 
Lithium  chloride, 
Kubidium  chloride, 
Caesium  chloride,  . 

Sodium  phosphite,  .  .  .  ^  ^ 

Sodium  hypophosphite,  NaPHo()2 
Potassium  permanganate KoMn^Og 
Potassium  mauganate   .  K2Mnb4 


.  K2Te04 

.  U02(N03)2 

•  In2(S04)3.9H20 

.  Ti02 
.  NaVOg 
.  Li  01 
.  BbCl 
.  CsCl 
NaoPHOs 


Reagents. 

Mercuric  cyanide  solu- 
tion,  HgCy2 

Potassium  bicarbonate, 
solution,  KHCO3 

Tin,  granulated,  .  .  .  .  Sn 

Hydrogen  peroxide,  di- 
lute acid  solution,  .  .  H2O2 

Calcium  sulphate,  in  tine 
powder,  CaS04 


II.  Organic  Test-Substances. 

Sodium  formate  NaHC02 

Ammonium  succinate,  .  Am2C4H404 
Ammonium  benzoate,    .  AmC7H302 

Malic  acid,  C4H(j05 

Sodium  citrate  Na3C(iH507.2H20 

Salicylic  acid,  C7H6O3 

Tannic  acid,  C14H10O9 

Gallic  acid,  CvHgOs 

Meconic  acid,  C7H4O7.3H2O 

Ammonium  urate,  .  .  .  AmC5H3N403 

Hippuric  acid,  C9H9NO3 

Picric  acid  C6H3(N02)30 

Quinine  sulphate,  .  .  .  C20H24N2O2.H2SO4 
Cinchonine  sulphate,  .  .  C18H22N2O.  H0SO4 


II.  Organic  Test-Substances— Co?i<rf. 

Morphine  hydrochlorate,.  Ci7F]9NO.,.HCl 

Strychnine,  C2iH^N262 

Narcotine  C22H23NO7 

Brucine,  Co3H^No04 

Caffeine,  C8U10N4O2.H2O 

Turpentine,  ^loUie 

Benzene,  CrHq 

Chloroform,  CHCI3 

Iodoform,  CHI3 

Methyl  alcohol  Cfl40 

Ethyl  alcohol,   C2llfi0 

Glycerol  C3H8O3 

Phenol,  CgHeO 

Hydroquinone  CfiH(;02 

Pyrogallol,  CeHgOg 

Aldehyde,   C2H4O 

Chloral  hydrate  C2HCI3O.H2O 

Benzaldehyde,  CyHgO 

Acetone,  CsHgO 

Urea,  CH4N2O 

Aniline  C6H7N 

Ether  C4H10P 

Ethyl  acetate,   C2H5A 

Carbon  disulphide,   .  .  .  CS2 

Nitrobenzene,  C6H5(N02) 

Glucose  (Dextrose),   .  .  .  CgHisOg 

Levulose  CgHi206 

Cane  Sugar,  C12H22O11  ' 

Maltose,  C]2H220ii.HoO 

Lactose  C12H22O11.II2O 

Cellulose,  (CeHi(,05)?i 

Starch  powder,  (C6Hi(,05)7i 

Dextrin,  (CfjH,o05)n 

Albumen,   White  of  egg 

Gelatin  Isinglass 


REAGENTS. 

Mercuric  nitrate,  neutral 

solution,  Hg(N03)2 

Quicklime,  in  powder,  .  .  CaO 
Potassium  bicarbonate, 

solution,  KHCO3 

Iodic  acid,  solution  (1 : 15),HI03 

Iodine,  in  small  fragments,   • 

Yeast  from  a  brewer,   .  .   

Rochelle  salt,  KNaT.4H20 

Rosaniline,   - — ■ 

Magenta,    

Zinc  chloride,  ZnCl2 

Ammonium  iodide,   .  .  .  NH4I 
Sodium  nitroprusside,  .  .   ■ 
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I166.  Chemicals  required  for  Section  II. 

In  tho  following  list  those  substances  which  are  used  only  for  Section 
II.  are  marked  by  letters  of  the  alphabet.  The  bottles  containing 
these  substances  should  be  arranged  apart  in  alphabetical  order. 
Against  others  a  number  is  placed  ;  this  indicates  that  the  substance 
is  used  for  analytical  purposes,  and  will  therefore  be  found,  together 
with  any  necessary  descriptive  remarks,  in  one  of  the  preceding  lists 
(1160-1164). 


Reference. 


A. 

20. 

1!. 

C. 
57. 

1). 

21. 

6!). 
E. 


F. 
2C. 

G. 
79. 
I. 

J. 

K. 

L. 

e.-j. 
i;j2s. 

116. 

M. 

32. 

N. 

0. 
P. 

Q. 

R. 
S. 
T. 
U. 
V. 

3, 
48. 
W. 
92. 
43. 
X. 

41. 

6. 

9. 
17. 

7. 
39. 


Name. 


Mercuric  oxide  . 

Potassium  chlorate 
Maiigant'se  dioxiilc 
Wood  cliaicoal  . 
Lime-water    .  . 
Sulpliur  .... 


j  Litmus  and  turmeric-  \ 
(  papers  .  .  .  .  ) 
Potas^ium  dicliromate  . 
Pliospliorus  .... 


Granulated  zinc  . 
lIjHliocliloric  aeid 
Calcium  chloride 
Marble  .... 
Hj-drochloric  acid 
Lit   us  solution  . 
Copper  .... 
Nitric  Hcid  .    .  . 
Potassium  iodide 
Starch  powder 
Ferrous  sulphide 
Lead  acetate  .  . 
Ammonium  chloride 
Slaked  lime    .  . 
/Strong  ammonia 
\    solution    .  . 
Oxalic  acid     .  . 
Solphoric  acid 
Sodium  Hydrate  . 
Manganese  dioxide 
Oil  of  turpentine 
Dutch  metal  .  . 
"  Turkey  red  "  . 
Sodium  chloride  . 


Nitric  acid .  .  . 
Silver  nitrate  .  . 
Annnonium  nitrate 
Alcohol.  .  .  . 
liromine  water  . 
Soda  lime  .    .  . 


Sodium  acetate  .  . 
Amnumium  hydrate 
Anuuonium  oxalate 
Barium  chloride  .  . 
Ammonium  sulphide 
Potassium  nitrate  . 


Formula. 


HgO 

KCIO3 
Ainl)2 
C 

Ca(n0)2 

s 


K2Cr207 
P 


Zn 

llCl 
CaCl2 
CaCOs 

HCl 

Cu 
IINO3 
Kl 

FeS 
PhAa 
MI4CI 
Ca(110)3 

NII4OII 

Il2CoO.,.2Il20 

ll2S<U 
NaHU 

Mn02 


NaCl 

HNO3 
AgNOs 
NII4NU3 
C2Hr,0 
Br 


NaA.3H20 
N 114110 

(Nll4)oC^04 
BaCIo 
(N  114)28 
KNU3 


Remarks. 


The  orange-coloured  precipitated 
oxide  is  best. 

Commercial  oxide  in  powder. 
In  pieces  as  large  as  a  hazel-nut. 

Pieces  of  roll  sulphur  as  large  ae  a 
pea. 


Solution. 

Pieces  as  large  as  half  a  pea,  kept 
in  a  stoppered  bottle  under 
water. 

Not  necessarily  pure. 

Strong,  pure. 

Fused,  solid,  in  small  pieces. 
In  small  pieces. 
Strong,  commercial. 

Turnings,  clippings,  or  filing.s. 
Strong,  commercial. 
Solution. 

Small  pieces. 
See  also  .08. 
Solid,  commercial. 

Liquor  ammonice  fortissima. 

Solid,  in  crystals. 
Strong,  commercial. 
Strong  solution  in  water. 
In  small  pieces. 

Leaf  from  a  small  book. 
In  strips. 

In  pieces  as  large  as  a  hazel-nut 
broken  from  a  lump  of  rock  salt. 


Solid,  in  small  pieces. 
Sp.  grav.  0'83. 

Pieces  size  of  millet  seed. 

Crystallised. 
Solution. 


Solid. 
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I167.  Chemicals  required  for  Section  III. 

With  few  exceptions,*  these  substances  are  required  either 
for  analytical  purposes,  and  are  tabulated  in  paragraphs 
I160-II64,  where  they  may  be  found  by  the  number 
placed  in  the  first  column ;  or  they  are  already  entered  in 
the  list  of  substances  required  for  experiments  on  the  gases 
(1166),  where  they  may  be  found  by  the  reference  letter  in 
the  first  column.  A  letter  (s)  affixed  to  the  number  of 
reference  indicates  that  the  substance  is  required  in  the  solid 
condition.    See  note  at  heading  of  paragraph  II63. 


Number  or 
letter  of 
reference. 


Name. 


39. 

Potassium  nitrate 

llss. 

Copper  sulphate 

79. 

Marble  . 

2. 
4o. 
3. 

Hydrochloric  acid 
Copper  . 
Nitric  acid 

17. 
8. 

Barium  chloride 
Ammonium  carbonate 

•Filter-paper 

1. 

Sulphuric  acid 

A. 

Mercuric  oxide 

M. 

Ammonium  clilonde  . 

100s. 

Potassium  chloride  . 

18. 

Sodium  carbonate 

*Barium  sulphate 

B. 

Manganese  dioxide  . 

19. 

Borax 

62s. 

♦Fernius  sulpliate 

1(j2. 

Sodium  chloride 

Wood  charcoal 

llfis. 

Lead  acetate  . 

118s. 

Copper  sulpliate 

G. 

Ammonium  hydrate  . 

21. 

(  Litmus-pupcr  . 

\  Turmeric-paper 
*Zinc  oxide 

Formula. 


KNO3. 
CUSO4.5H2O . 
CaCOs . 
HCl. 
Cu. 

HNO3. 

BaCl2.2n20 . 

Am2C03 . 

In  sheet,  or  cut. 

H2SO4 . 

HgO. 

NH4CI. 

KCl. 

Na2C03 . 

BaS04 . 

Mn02 . 

Na«B407 . 

FeS04.7H20. 

NaCl. 

C. 

PbA2.3H20. 
CUSO4.5H2O . 
NH4HO. 


ZnO. 


*  The  exceptions  are  filter-paper  (ii2i),  wood  charcoal  (1123),  zinc 
oxide,  and  barium  sulphate. 
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SUBSTANCES  TO  BE  GIVEN  FOR  ANALYSIS  BY 
THE  PRECEDING  TABLES. 

It  must  be  understood  that  the  substances  mentioned  below  are 
merely  brought  forward  as  examples  of  what  may  be  given  to  the 
student  for  analysis.  The  teacher  will  use  his  own  judgment  iu 
adopting  and  extending  the  list. 


substx^nces  for  analysis  while  trying  through  the 
IIeactions  for  Metals  and  Acid-radicles. 

Il68.  After  working  through  the  reactions  for  a  Group  of 
Metals  or  Acid-radicles,  a  few  unknown  substances  contain- 
ing only  one  member  of  the  Group  are  tested ;  the  number 
of  members  present  is  gradually  increased  in  the  substances 
which  are  subsequently  given.  It  is  well  to  keep  these 
substances  in  the  dissolved  state  (1163,  I164),  since  they 
are  intended  mainly  to  afford  practice  in  separation  and 
detection  according  to  the  Group-tables ;  the  time  spent  by 
the  student  in  preparing  the  solution  would  therefore  be 
wasted.  Occasionally,  however,  a  solid  substance  may  be 
given,  in  which  the  Metal  or  Acid-radicle  present  is  to  be 
detected  by  blowpipe  tests,  or  by  other  tests,  made  on  the 
solid  substance.    The  following  will  serve  as  examples : — 


Group  V, 

Solution  of  NaCl 
n  NH^a 
.  KCI 

„  NaCH-KCl 
„  NaCl+NHiCl-h 
KCI 

„  NaCH-NH4Cl 
n  ]MfrS0..7H20+ 
NaCi-hKGl 

S<^Hdg :  NaCl,  NH4CI,  KCI, 
AiiiCl-HNaCl,  &c. 


Group  IV. 

Solution  of  BaCl2.2n,0 

„  Sr(N03)2.4n20 
„  CaCU.OUoO 
„  Sr(Nb3)2-4H20 

+ca(:;u.(iU,o 

„       „  BaCl.,.2lf20+' 
Sr(N03),.4IIoO 
-fCaClj.CHjO 

„       „  BaCl,.2H20-l- 

Sr(NOa)2.4H20 


Group  Ill.b. 

Solution  of  ZnS04.7H20 
„       „  MnClo 

„  NiSO;.7H20 

„  C0(N03)2.61l20 

„       „  l\fi)Clo4-Z7iS()4.7H20 
„        „  Co(N03)2.6Jl20-t- 
NiS04. 71X204- 
Zn804.7H20 
&c.,  &c.,  &c. 

Solids :  MnClj,  MS04.7n.,0, 
Co{N03)2.6H,0. 
ZuS04.7n20,'&c. 
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Substances  fob  Analysis  by  the  directions  contained  in 

Section  V. 

1 169.  Any  one  of  the  solutions  named  in  paragraphs 
1 163,  1 164  may  be  given  for  analysis  by  Section  V.:  some 
of  these  are  neutral,  some  acid,  and  others  alkaline  in 
reaction.  The  following  more  difficult  solutions,  with  acid 
or  alkaline  reaction,  may  also  be  added  to  the  list : — 


Acid. 

Alkaline. 

Ca3(P04)2,  "Bone-ash"  dissolved  in 

dilute  HCl. 
BaC204  dissolved  in  dilute  HCl. 
Mg(B02)2*  „              „  HCl. 
BaCr04      „              „  HCl. 

KSbOs  dissolved  in  water. 

Na2Si03,  solution  of  "soluble  glass." 

Na2Sn03,  "  preparing  salt"  of  the  dyer. 

Any  of  the  solid  salts  which  were  dissolved  in  order  to 
prepare  the  solutions  in  paragraphs  II63,  I164  may  be  given 
for  analysis  by  paragraphs  932,  et  seq. 

As  examples  of  substances  possessing  metallic  appearance 
(969),  the  following  may  be  mentioned  as  suitable  for 
analysis : — 


Zn,  in  pieces  or  filings. 
FeSg,  Iron  Pyrites. 

NiAs,  Kupfernickel. 
Graphite,  or  Black  lead. 
Iron  iilings. 

As  insoluble  substances  which  require  to  be  examined  by 
paragraphs  970,  et  seq.,  the  following  may  be  given  for 
analysis : — • 

BaS04 . 
PbS04. 
AgCl. 

SnOj,  Tinstone. 

CaFg,  Fluor  spar. 
reCr204,  Chrome  Iron  ore. 
S,  as  pieces  of  roll  sulphur. 
C,  as  powdered  wood  charcoal  or  plum- 
bago. 

*  Made  by  mixing  hot  solutions  of  Na2B407  and  Mg(N03). 
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Solid  Substances  to  be  analysed  by  tub  Preliminary 
Examination  in  Section  YL. 

1 170.  For  the  Preliminary  Examination  for  Metals  (989) : — 


Complex, 

llgt'l, 
As.,Oj 
KNU, 
Cr,0, 

Pb(N03), 
NaCl 
BaCl...->H,0 
Si-(N()3>i.4ll.,0 
CnSOi  ..H..O 
(See  riuU'.) 

ZnSOj.THjO 

MuCU 
Co(N03).,.OH.,0 

SiiOj 

AmCl+NaCl 
HgCl.,+BaCl.,.2Il20 
^luCl.,+KCl 
NiS04.7H.,0+ 
ZUSO4.7H2O 

AlK(S04)„.12nO 
SnO.,+Sr(N03).,.4]f„0 
CaC()3+ZnSO.,".7JJj'0 

NaCi 

Note. — Best  finely  powdered,  since  its  colour  is  then  almost 
destroyed. 


For  the  Preliminary  Examination  for  Acid-radicles  (996)  : 


Simple, 

Complex. 

CaCOj 

N!L,Sl)3. 711.20 

CaC'loU 
NaCl 

FeS 
KNO3 
KClOj 
Kl 

Na.,S203.5H,0 

Klir 

NaA 

CaCOs+KNOj 
CaCl.,0+CaF, 
Na-^COa+KI 

A  few  of  the  above  mentioned  solids  may  then  be  ex- 
amined by  both  Preliminary  Examinations  for  Metals  and 
for  Acid-radicles. 


Substances  to  be  analysed  by  the  General  Course  in 

Section  VI. 

1 171.  The  following  lists  are  so  arranged  that  the  analysis 
of  the  substances  contained  in  them  is  more  difficult  in  each 
column  proceeding  from  left  to  right,  and  usually  in  pro- 
ceeding in  one  and  the  same  column  from  top  to  bottom. 
For  examples  of  alkaline  solutions,  see  i^aragraph  1 169. 
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Substances  for  Analysis  by  the  General  Course. 


1. 

OlIIipLc  SOlUUio 

substauces. 

2. 

Complex  soluble  substances. 

BaCl,.2H20 

CaCl2.6H20+BaCl2.2H20+Sr(N03)2.4H20 

Mncia 

AlK(S04)2.12H20+CrK(S04)i.l2H20 

MnCl2 + ZnS04. 7H2O + CUSO4.5H2O 

MgS04.7n,0. 

Pb(N03>^+HgCl2+Naa 

KCl 

•AsaOs+CaCOs+BaCOs 

NiS04.7H20 

*ZnO+MgC03+KC10, 

•CaCOs 

*MgCOa+ BaCOa + PbCO, 

Pb(N03)2 

&C.,  &0, 

•ASoOa 

Fe,a« 

NH4CI 

Naa 

&c.,  &c. 

Complex  soluble 
substauces. 


(  Fe2CI, 
)  MnCio 
)  ZnS04'.7H20 
(.KCl 

(■AS2O, 

i  CrK(S04)2 12n20 
(  Co(N03)2.(3H20 

CHg2(N03)2.H20 

J  Sr(N03)2.4H20 
)  KNO3 

(.Bi(N03)3.5H20. 


4. 

Substances  yielding  a 
Phosphate  precipitate 
in  Group  III. 

5. 

Substances  partly  or 
entirely  insoluble. 

Metallic  substances  (to6j  etseq.) 
Iron  pyrites  (FeSo) 
Iron  tilings  (Fe) 
Zinc  clippings  (Zn) 
Brass  filings" (Cu+Zn) 
German  silver  (Cu+Zn+Ni) 
Bronze  (Cu+Sn) 
Type-metal  (Sb+Sn+Pb) 

(  CaClj.eHzO 

\  FejClg 

(  Na2HP04.12n20 

/'BaCl,.2H20 
J  MgCL 
1  Fe2Cr8 

(  Na2HP04.12H20 

/'Co(N03>2.CH20 

CaCl2.(iH20 
■I  MnCl2 

CrK(S04>,.12H20 
l^Na2HP04.12H20 
&c.,  &c. 

BaS04 

Si02+3 

BaS04+CaF2+Sn02 

fBaClo.2H20 

J.  A1K(S04>.2.12H20 

(AgNO, 

CSiOj 

is 

PbS04+BaS04 
PbCr04,  ignited. 

Silicates  (1080) — 
Fire-clay  (Al2O3.2Si02) 
Brown-clay  (do.  -fFe) 
Window-glass  (Na,  Ca,  Si02) 
Flint-glass  (Pb,  K,  Si02) 

Cyanogen  Compounds  (1083) — 
Any  of  the  foregoing  wiiich 
has  been  mixed  with  KCy, 
KCyS,  K4FeCy6.3H20, 
K6Fe2Cyi2,  K6Co2Cy,2 

•  To  be  given  in  the  solid  state. 
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1172.  NAMES  AND  FORMULA  OF  MINERALS  CONTAINING 
COMMON  METALS.  AND  SUITABLE  FOR  ANALYSIS. 

yote.—The  principal  constituents  only  arc  stated  below,  the  traces  of  impurities  or 
of  other  constituents  are  omitted.  Minerals  which  contain  tlie  less  common  elements 
are  not  mentioned  here,  but  some  of  them  will  be  found  above  the  reactions  of  each 
of  the  rarer  elements  in  Section  IV.  The  minerals  are  ranged  under  the  heading  of 
the  principal  metal  which  they  contjiin,  and  the  metals  aie  pla.ed  in  the  order  in 
which  they  occur  in  their  Groups  in  Section  IV. 


Potassium : — 

Nitre,  or  Saltpetre,  KNO3. 
Potash     felspar,    or  Orthoclase, 
K2<).A1.203.(>Si02;  and  other  double 
silicates. 

Alumstone,  K2S04.3Al2(S04)(0n)4. 
Silvine,  KCl 
Kainite  (see  Mg). 
Carnailite,  KCl.MgCl2.6H2O. 

Sodium  :— 

Kocksalt,  NaCl. 
Native  soda,  .Nn.>CO  j.lOH.,0. 
Trona,  Nii-jCOa-NaliCOa-yHoO. 
Cubic    nitre,    or   Chili  saltpetre, 

NaNOs. 
Glauber  salt,  NaoS04  101120. 
Borax,  or  Tincal"  Na2li4O7.10H2O. 
Glaulwrite,  Na2^"4-CaS04. 
Cryolite,  AlF:j.3NaF. 
Soda    felspar,    or  Albite, 

Na20.Al2O;j.CSiU2;     and  other 

double  silicates. 

Magnesium : — 

Tcrii'lase,  MgO. 

Brucite,  iMg()2ir2. 

Magnesite,  MgCOs. 

Dolomite,  or  Magneslan  Limestone, 

(Mg,Ca)C().i. 
Kainite,  MgSOj.IvCl. 61120. 
Kieserite,  MgSO^.HoO. 
i;i).sonilte,  .MgS()4.7fl20. 
Meerschaum,  .Mg2ll25Si03.Il20,  and 

other  silicates. 
Boraclte. 

Spinel,  MgO,Al203. 

Barium  : — 

Heavy-spar,  R«S04. 
Witherite,  BaCOs. 

Strontium : — 

Celestine,  SrS04. 
Strontianite,  SrCOj. 

Calcium : — 

Calcspor,  Ariagonite,  Marble,  Chalk, 

Limestone,  CaCOg. 
Gypsum,  CaS04.2H20. 
Alabaster,      Selenite,  Anliydrite, 

CaSOj. 
Fluorspar.  CaFg. 
Apatite,  Ca3(  1*04)2. Ca(Cl,F)2. 


Aluminium : — 

Corundum,  AI2O3. 

Bauxite,  Al20;j.H20.(Fe203). 

Diaspore,  AI2U3.H2O. 

Alumstone  (see  Potassium). 

Cryolite,  AlFj.SNaF. 

Felspars  (see  K  and  Na),  and  other 

silicates. 
Clay,  Al.2Si2O7.2H2O. 

Iron : — 

Meteoiite,  Fe+Ni. 

Ked  haimatite,  Fe203. 

Specular  iron  ore,  i'e203. 

Brown  huimatite,  Fe4()3(OII)e. 

Magnetic  iron  oxide,  Fe304. 

Iron  pyrites,  FeS2. 

Spatliic  iron  ore,  FeCOs :  mingled 
with  clay  in  Clay  ironstone,  and 
with  bitumen  in  Blacliband  iron- 
stone. 

Chromium ; — 

Chrome  ironstone,  FeCr204. 
Crocoisite,  PbCr04. 

Zinc : — 

Ked  zinc  ore,  ZnO. 
Zinc  blende,  ZnS. 
Calamine,  ZnCOs. 

Silicious    or    Electric  Calamine, 

Zn2SI04.H20. 
Franklinite,  (Zn,  Fe)  O.Fe203 

Manganese : — 

l'yrolii>ite,  Mn02. 
Brauiiite,  .Mn2()3. 
Hausniannile,  Mn:(04. 
Manganite,  Mn2ll204. 
P^ilonlelane,  (Mn,  lia)  0.Mn02. 
Manganese  spar,  M11CO3. 

Nickel  :— 

Kupfemickel,  NiA.s. 
Nickel  glance,  Ni  (As,  8)2. 
Nickel  silicate,  2Ni(),ySiU3. 

Cobalt  :— 

Speiss  Cobalt,  (Co,  Ni,  Fc)  Asg. 
Cobalt      glance,     or  SiHalline. 
(Co,  Fc)  (A,s,  S)2. 

Mercury : — 

Cinnabar,  HgS, 


494 


MINERALS  FOR  ANALYSIS. 


[1172.] 


Lead  :  — 

Crncoisite,  PbCrOj. 
Galena,  or  Lead  spar,  PbS. 
Cerussite,  PbCOs. 
Antrloite,  PbS04. 
Leadhillite,  PbS04.3PbC03. 

Bismuth : — 

Jiismuth  ochre,  Bi.^Og. 
Bismutliite,    or   Bismuth  glance, 
^h^3,  and  double  sulphides. 

Copper : — 

Ked  copper  ore,  CU2O. 
Copper  glance,  CU2S. 
Peacock  copper  ore,  CuoS. 
Copper  pyrites,  CuFeSf>r 
Malachite,  CUCO3.CUH2O2. 

Cadmium : — 

Greenockite,  CdS. 

Arsenic :  — 

Realgar,  AS2S2. 
Orpiment,  AS2S3. 


Arsenical  nickel,  NiAs2:  Kupfer- 
nickel,  NiAs ;  and  many  other 
metallic  arsenides  and  arseno- 
sulphides. 

Antimony : — 

Stibiiite  or  Grey  Antimony,  Sb2S'{, 
and  antimony  sulphide  combined 
with  other  metallic  sulphides. 

^Vhitc  antimony,  ShjOs. 

Ked  antimony  ore,  Sb203.2Sb2S3. 

Tin:— 

Tinstone,  SnOg. 
Cassiterite,  Sn02. 

Silver : — 

Silver  glance,  Ag2S. 
Horn  silver,  AgCl. 
Pyrargynte,  Ag^SbSs. 
Proustite,  Ag3AsS3. 

Silica : — 

Quartz,  Si02. 

Flint,  Si02. 

Rock  crystal,  Si02. 
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LIST  OF  CHEMICAL  ELEMENTS,  WITH  THEIR 
SYMBOLS  AND  ATOMIC  WEIGHTS. 

1 173.  The  words  in  brackets  are  the  Latiu  names  of  the  elements 
from  which  the  symbols  have  been  derived. 


Symbol 

Atomic 
Weiglit. 

Name. 

SvniTiol 

Atomic 
Weight. 

Aluminium 

Al 

2711 



Nicliel 

Ni 

58-69 

Antimony  (stibium) 

Sb 

120-43 

Niobium  . 

Nb 

94-20 

Arsenic  . 

As 

75-01 

Nitrogen  , 

N 

14-04 

Barium  . 

Ba 

137-43 

Osmium  . 

Os 

190-99 

Beryllium 

Be 

9-08 

Oxveren  . 

0 

16 

Bismuth  , 

Bi 

208-11 

Palladium 

Pd 

106-36 

Boron 

B 

10'95 

Pliosphoms 

P 

31-02 

Bromine  . 

Br 

79-95 

Platinum 

Pt 

194-89 

Cadmium 

Cd 

111-95 

Potassium  (lialium) 

K 

3911 

Ca?sium  . 

Cs 

132-89 

Rhodium . 

Ro 

103  01 

Calcium  . 

Ca 

40-07 

Piubidium 

Rb 

85-43 

Carbon  . 

C 

12-01 

Ruthenium 

Ru 

101-68 

Cerium  . 

Ce 

140-20 

Samarium 

Sa 

150-26 

Chlorine  . 

CI 

35-45 

Scandium 

Sc 

44-12 

Chromium 

Cr 

52-14 

Selenion  . 

So 

79  02 

Cobalt  . 

Co 

58-93 

Silicon 

Si 

28-40 

Copper  (cupnim) 

Cu 

C3-G0 

Silver  (argentum) 

Ag 

107-92 

Didymium 

D 

142 

Sodium  ^natriiim^ 

N  a 

Erbium  . 

E 

]fifi-32 

StroTif  iiim 

01 

0 1  ni 

Fluorine  . 

F 

19  06 

Sulnlnir 

q 

0 

Gallium  . 

G 

69-91 

Tantalum 

Ta 

182-84 

Germanium 

Ge 

72-48 

Terl)ium  . 

'I'r 

1 6n'0n 

i  \J\I 

Gold  (auruin)  . 

Au 

197-23 

Tcllurion 

Tc 

127-49 

HvdroiTPn 

If 
1  i 

lllUJliUlll           .  , 

1 1 

204-15 

Indium  . 

In 

113-85 

Thorium  . 

Til 

232-63 

Tml  in  A 

T 
1 

Tin  (stjinnum)  , 

Sn 

)  19-05 

Iridium  . 

Ir 

193  12 

Titanium 

Ti 

48-15 

Iron  (ferrum)  . 
Lanthanum 

I-c 
La 

66-02 
138-64 

Tungsten  (wolfra-> 
miuni)  ,      .  )■ 

W 

184-83 

Lead  (plumbum) 

Pb 

206-92 

Uranium 

U 

239-59 

Lithium  . 

Li 

7-03 

Vanadium 

V 

51-38 

Magnesium 

Mg 

24-28 

Ytterbium 

Yb 

173-19 

Manganese 

Mn 

54-99 

Yttrium  , 

Y 

89-02 

Mercury  (hydrar-  \ 
gyrum)       .  / 

Hg 

200-00 

Zinc 

Zirconium 

Zn 
Zr 

65-41 

90-40 

Molybdenum  . 

Mo 

95-99  1 
1 

The  above  numbers  are  those  which  are  given  in  his  liecakulation  of 
Atomic  mights  (1897),  by  F.  W.  Clarke. 
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1174.  THERMOMETRIC  SCALES. 

There  are  two  thermometric  scales  in  use,  the  Centigrade  and  the 
Fahrenheit ;  the  former  of  these  is  rapidly  becoming  universal  for 
scientific  purposes.  The  temperatures,  which  are  occasionally  referred 
to  in  this  treatise,  are  given  on  the  Centigrade  scale.  The  two  scales 
are  mutually  convertible  by  the  following  formulae,  in  which  F.°  repre- 
sents a  temperature  on  the  Fahrenheit  scale,  and  C."  a  temperature  on 
the  Centigrade  scale : — 

F.°  =  l^  +32 
5 

po  5(F.°-32) 


WEIGHTS  AND  MEASURES. 

1175.  The  corresponding  values  of  the  French  and  English  Weights 
and  Measures  are  given  in  the  following  Tables.  The  use  of  the 
French  or  decimal  system  is  strongly  recommended  by  its  extreme 
simplicity.  The  smaller  denominations  are  obtained  by  taking  a 
tenth,  hundredth,  thousandth,  &c.,  of  the  unit  chosen  ;  and  they  are 
designated  by  the  Latin  prefixes  deci-,  centi-,  milli-,  &c.  The  higher 
denominations  are  10  times,  100  times,  1000,  &c.,  times  the  unit, 
and  are  named  by  the  Greek  prefixes  deca-,  hecto-,  kilo-,  &c. 

The  starting  point  of  the  French  system  is  the  "metre"  (  =  39*37 
inches)  ;  this  is  the  "unit  of  length."  The  "unit  of  measure"  is  the 
"  litre,''  whicb  is  one  cubic  decimetre.  The  "  unit  of  weight "  is  the 
gramme,  which  is  the  weight  of  1  cubic  centimetre  of  distilled  water 
at  4°  C. 

The  chief  conveniences  arising  from  the  use  of  this  system  are  : — 

Ist.  That  all  the  diff'erent  denominations  can  be  written  as  one  ; 
since  they  are  either  multiples  by  ten,  or  are  decimal  fractions,  of  the 
unit.  Thus  5  decagrammes,  3  grammes,  4  decigrammes,  8  milli- 
grammes would  be  written  53*408  grammes. 

2nd.  That  since  1  cubic  centimetre  of  water  at  4°  C.  weighs  1 
gramme,  we  may  obtain  the  weight  of  a  known  measure  of  water  by 
simply  converting  the  measure  into  cubic  centimetres  ;  the  number 
thus  obtained  will  represent  the  corresponding  weight  of  the  water  in 
grammes.  Of  course  this  conversion  is  strictly  accurate  only  when  the 
water  is  measured  at  4°  C.  But  for  ordinary  purposes  the  error  intro- 
duced, when  the  water  is  at  the  temperature  of  the  air,  is  too  small  to 
be  of  any  importance  in  the  preparation  of  solutions. 

The  weights  and  measures,  which  are  most  frequently  used  for 
chemical  purposes,  are  the  gramme,  the  millimetre  (mm.),  the  litre, 
and  the  cubic  centimetre  (c.c.)  which  is  x^^tj  of  a  litre. 
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ENGLISH  WEIGHTS  AND  MEASURES. 


Apothecaries  Weioht. 

lb.        07,.      drnis.    scruples,  grains. 

1    =    12    =    96    =    28S    =  57G0 

1    =     8    =     24    =  480 

1    =       3    =  60 

1    =  20 


AVOIRDUPOIS  WEiaUT. 


lb.       oz.  drnis. 
1    =    16    =  256 
1    =  16 
,  1 


grains. 

7000 
437-5 
27-343 


gallon. 
1 


Imperial  Measure. 

pints.        fluid  oz. 
8      =  160 
1      =        20  = 
1 


fluid  drms. 

12.S0 
160 
8 


gallon 

fluid  ounce   =    .J,  pint 
1  gallon 
1  fluid  ounce 


70,000  grains  of  water  at  WT  C. 
'137-5  „ 
277-280  cubic  inches. 
1-733 


FRENCH  WEIGHTS  AND  MEASURES. 


MEASURES  OF  LENGTH. 


ENGLISH. 


Millimetre  = 
Centimetre  = 
Decimetre  = 
Metre  — 
Decametre  = 
Hectometre  = 
Kilometre  = 
Myriometre  = 


metre. 
0  001 

0-  01 
01 

1-  0 
10-0 

100-0 
1000-0 
10000-0 


inches. 

0-03937 
0-31)371 
3-93708 
89-37079 
393-70790 
8937-07900 
39370-79000 
3y3707 -90000 

1  inch=0-02,'>4  metre. 
1  foot  =0-3048  „ 


I  mile,  furlong,  yards,  feet. 


10 

10!) 
213 
156 


3 
2 
1 
4 
0 


inches. 
0-03937 
0-39371 
3-9371 
3  371 
9-T 
1 

10-2 
6 


MEASURES  OF  CAPACITY. 
1  litre =1  cubic  decimetre. 


/  Millilitre,  or  ) 

\  Cubic  centimetre  (c.c.))" 

Centilitre 

Decilitre 

Litre 

Decalitre 

Hectolitre 

Kilolitre 

Myriolitre 


litre. 
0-001 

0-01 

0-  1 

1-  0 
10-0 

100-0 
1000-0 
10000-0 


cubic  inches. 
0  06103 


0 
6 
61 

=  610 
=  6102 
=  610-27 
=610270 


61027 

1027 

027 

27 

7 

0 

0 


1  cubic  inch  =  0-mr).*?9  litre. 
1  cubic  foot  =28-31531  litres 
1  gallon       =  4-54336  ., 


pints. 
0-00176 

0-  01761 
0  17608 

1-  70077 
17-60773 

176-07734 
1700-77341 
17607-73414 


2  I 
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MEASURES  OF  WEIGHT. 


1  gramme=the  weight  of  1  cubic  centimetre  (c.c.)  of  water  at  4°  C. 


Milligramme 

Ceutigramme 

Decigramme 

Gramme  * 

Decagramme 

Hectogramme 

Kilogramme 

Myriogi-amme 


grammes. 
0  001 

0-  01 
01 

1-  0 
10-0 

100-0 

=  iouo-0 

=  10000-0 


grains. 

0  01543 
015432 
1-543-23 
15-43235 
1.54 -3-2349 
1543-23488 
15432-34880 
154323-48800 


1  grain  =    0-0649  gramme. 

1  oz.  (Troy)  =  31  -1035  granmies. 

1 11).  (Avoirdupois) =453 -593  ,, 


Avoirdupois. 


lbs.  oz.  drms. 
=   0     0  5-65 
=   0     3  8-5 

=  235 
=  22     1  2 


*  It  is  perhaps  better  to  adopt  the  French  spelling  gramme,  than  to  curtail  to 
gram,  since  the  shoi-ter  word  might  be  mistaken  for  grain,  and  lead  to  serious 
error. 
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ABBREVIATED  formula  and  words 

Acetaldehyde,  reactions  of 
Acetate,  detection  in  analysis 

,,      reactions  of 
Acetic  acid,  reactions  of 
Acetic  ether,      ,,  ,, 
Acetone,  ,,  ,, 

Acid  reaction  . 
Acid,  test  for  . 

Acid-radicles,  detection  of,  in  simple  substances 

,»       ))       detection  of,  in  complex  substances 
,,       reactions  of  . 
Acids,  removal  from  clothes  (see  Caution) 
Adding  acid  or  alkali  in  excess 
Agate  mortar  . 
Alabaster 

Albuminous  substances,  reactions  of 
Alcohols,  reactions  of 
Aldehydes,    ,,  „ 
Alkaline  reaction 
Alkaloids,  general  reactions  of 
Alloys,  analysis  of 
Alum  stone 

Aluminium,  detection  in  analysis 
, ,  minerals, 

reactions  of 
Amidobenzene,  ,, 
Amido  compounds,  reactions  of 
Ammonia  gas,  preparation  of 

,,        ,,    properties  of 

,,        ,,    tests  for 
Ammonium,  detection  in  analysis 

,  reactions  of 

Analysis  of  a  simple  liquid  . 


PAGE 

108,  109 
281 
307,  354 
259 
260 
286 
283 
81 
82 

306,  313,  317 
352,  377,  404 
196,  254 
18 
82 
445 
493 
292 
277 
281 
81 
270 
395 
493 
312,  368 
493 
132 
285 
284 
41 
43 

44,  117 
300,  347 
116 
304,  308 
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,,       reactions,  introductory  .....  101 
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^'^  for  acid-radicles        .         .         •  196,254 

for  alkaloids  .....  270 
for  organic  acid-radicles  .  •  •  254 
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Anglesite  ^93 

Anhydrite  493 
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Antimony,  detection  in  analysis     .         .         •     303,  311,  350,  398 
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Apatite  493 
Apothecaries  weights  ......  497 

Apparatus,  cleaning  .         -         •         •         •         •  .13 

list  of  students'  xxii,  442 

list  of  general    ......  444 

list  for  Section  II  443 

Argand-Bunsen  burner        .         .         .        •         •         •  3 
Arragonite  493 
Arsenate,  detection  in  analysis      .         .         •         •  315,  379,  382 
reactions  of        .         ■         •         •         •         •  227 

Arsenic,  detection  in  analysis        •         300,  303,  311,  347,  350,  367 
minerals  494 
reactions  of  ......  167 

Arsenic  Group  .......  167 

detection  of  one  metal        .         .         •  .181 
separation  and  detection  of  .         .         .  182 

,,    table  of  differences   .         .         •         •  .181 
tables  for  analysis    ....  182-185 

Arsenide,  detection  in  analysis       ....         323,  396 

Arsenical  nickel        .         .         .         •         •         •  .493 
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497 

Atomic  weights,  list  of       .         .  . 
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gALANCE  ROOM  .... 

441 

Barium,  detection  in  analysis  . 

.  301 

313, 

349,  372 

,,  minerals 

493 

,,       reactions  of  . 

127 

Barium  Group  .... 

127 

,,       ,,     detection  of  one  metal 

129 

,,       ,,     separation  and  detection  of 

130 

,,       ,,     table  of  dilFerences  . 

130 

,,       ,,     tables  for  analysis  . 

313,  372 

Basket  for  draining  apparatus 

443 

Bau.xite  ..... 

493 

Bellows  for  blowpipe 

.  7,  445 

Benches  ..... 

437 

Bench  apparatus  .... 

xxii,  442 

Bending  glass  tube  and  rod  . 

4 

lienzaldehyde,  reactions  of  . 

282 

Benzene,  reactions  of          .         .  . 

276 

]3enzoate,     ,,  ,, 

262 

Benzoline  blast  lamp 

441 

Beryllium,  detection  in  analysis 

413,  415 

,,       reactions  of         .         .  . 

152 

Bicarbonate,    ,,  ,, 

201 

Bismuth,  detection  in  analysis 

,  303, 

311, 

350,  366 

,,       minerals  .... 

494 

,,       reactions  of         .         .  . 

160 

Bismuthite  ..... 

494 

Blowpipe,  benzoline  lamp  . 

441 

,,       Fletcher- Bunscn  . 

7 

gas  

440 

table  .... 

440 

,,       use  of  .... 

.    5,  87 

Boiling-point,  determination  of 

2.^2 

lioracite  ..... 

493 

Borate,  detection  in  analysis 

.  301, 

306, 

349,  383 

,,       reactions  of        .         .  . 

230 

Borax  bead  ..... 

88 

231 

Boring  corks  ..... 

10 

india-rubber  stoppers 

11 

Bottles,  store  and  reagent  . 

472 

Braunite  ..... 

493 

Bromide,  detection  in  analysis 

.  307, 

314, 

353,  381 
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on  Midwifery  and  Diseases  of  Women  to  Guy's  Hospital.  Fourth 
Edition.    Crown  Svo,  with  271  Engravings,  I'lS. 

The  Practice  of  Midwifery:  a  Guide  for  Prac- 
titioners anil  Students.  By  1).  Li.oyd  Kohkrts,  M.l).,  K.H.C.P., 
Lecturer  on  Clinical  Midw  ifei  y  and  Diseases  of  Women  at  the  Owens 
College  ;  Consult  ing  Obstetric  Physician  to  the  Manchester  Koyal 
Infirmary.  Fourth  Edition.  Fcap.  Svo,  with  Coloured  Plates  and 
Wooil  (22ti)  Engravings,  lOs.  (id. 

A  Short  Practice  of  Midwifery,  embodying  the 

Treatment  adopted  in  the  Rotunda  Hospital,  Dublin.  By  Hknry 
Jellett,  M.D.,  Assistant  Master,  Hotunda  Hospital.  With  4;")  Illus- 
trations.   Crown  Svo,  6s. 
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Obstetric  Aphorisms :  for  the  Use  of  Students 

commencing  Midwifery  Practice.  By  Joseph  G.  Swaynk,  M.D., 
Lecturer  on  Midwifery  in  the  Bristol  Medical  School.  Tenth  Edition. 
Fcap.  8vo,  with  20  Engravings.   Ss.  6d. 

Economics,  Anaesthetics,  and  Antiseptics  in 

tlie  Practice  of  Midwifery.   By  Haydn  Bkown,  L.K.C.P.,  L.R.C.S. 
Edin.    Fcap.  Svo,  2s.  Od. 

Lectures  on  Obstetric  Operations :  including 

the  Treatment  of  Haemorrhage,  and  forming  a  Guide  to  the  Manage- 
ment of  Difficult  Labour.  By  Kobekt  Barne.s,  M.D.,  F.K.C.P., 
Consulting  Obstetric  Pliysician  to  St.  George's  Hospital.  Fourth 
Edition.    Svo,  with  121  Engravings,  12s.  6d. 

By  the  same  Author. 

A  Clinical  History  of  Medical  and  Surgical 

Diseases  of  Women.    Second  Edition.    Svo,  witli  181  Engravings,  288. 

Gynaecological     Operations    (Handbook  of). 

By  Alban  H.  G.  Dokan,  F.K.C.S.,  Surgeon  to  the  Samaritan  Hospital. 
Svo,  with  111?  Engravings,  15s. 

Diseases  of  Women.  (Student's  Guide  Series.) 

By  Alfred  L.  Galabin,  M.A.,  M.D.,  F.K.C.P.,  Obstetric  Phy- 
sician to,  and  Lecturer  on  Midwifery  and  Diseiises  of  Women  at, 
Guy's  Hospital.  Fifth  Edition.  Fcap.  Svo,  with  112  Engravings,  8s.  6d. 

Manual  of  the  Diseases  peculiar  to  Women. 

By  James  Oliver,  M.D.,  F.K.S.B..  M.K.C.P.,  Physician  to  the 
Hospital  for  Diseases  of  Women,  London.    Fcap.  Svo,  3s.  6d. 

By  the  same  Author. 

Abdominal  Tumours  and  Abdominal  Dropsy 

in  Women.    Crown  Svo,  7s.  (5d. 

A    Practical    Treatise    on    the    Diseases  of 

Women.  By  T.  Gaillard  Thomas,  M.D.  Sixth  Edition,  by  Paul 
F.  Munde,  M.D.,  Professor  of  Gynaecology  at  the  New  York 
Polyclinic  and  at  Dartmouth  College.  Roy.  Svo,  with  347  Engrav- 
ings, 25s. 

Sterility.    By  Kobert  Bell,  M.D.,  F.F.P.  &  S.  Giasg., 

Senior  Physician  to  tlie  Glasgow  Hospital  for  Diseases  peculiar  to 
Women.    Svo,  5s. 

A  First  Series  of  Fifty-four  Consecutive  Ovario- 
tomies, with  Fifty-three  Recoveries.  By  A.  C.  Butler-Smythe, 
F.R.C.P.  Edin.,  Surgeon  to  the  Samaritivn  Free  Hospital,  Senior 
Surgeon  to  the  Grosvenor  Hospital  for  Women  and  Children.  Svo, 
6s.  6d. 
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A  Manual  for  Hospital  Nurses  and  others  en- 

ga^eil  ill  Atten<Hii^'  on  the  Sick.  By  K.  J.  Domvii.le,  Surfjeoii  to 
the  Devon  and  Exeter  Hospital.    Kighth  Edition.    Crown  8vo,  28.  6ti. 

A  Manual  of  Nursing,  Medical  and  Surgical. 

13y  CnAKi-KS  J.  CULLINGWORTH,  M.D.,  F.K.C.P.,  Obstetric  Physician 
to  St.  Thomas's  Hospital.    Third  Edition.    Fcap.  8vo,  as.  6d. 
By  the  same  Author, 

A    Short     Manual     for    Monthly  Nurses. 

lievised  by  M.  A.  Atkinson.    Tovn  th  Edition.    Fciip.  8\  o,  Is.  Od. 

Notes  on  Gynaecological  Nursing.    By  John 

Bi-:\.rAMiN  Hkllikk,  M.l).,  M.R.C.S.  Lecturer  on  the  Diseases  of 
Women  aii<l  Children  in  the  Yorkshire  CoUefje,  and  Surgeon  to  the 
Hospital  for  Women,  etc.,  Leeds.    Crown  8vo,  Is.  6d. 

Lectures  on  Medicine  to  Nurses.    By  Herbert 

K.  Cuke--,  M.D.,  F.R  C.S.,  Medical  Siiperiiitendeid ,  North  Eastern 
Fe\er  Hospital,  London.  Second  Edit  on.  With  2i)  Illustrations. 
Crown        ;is.  tid. 

Antiseptic  Principles  for  Nurses.    By  C.  E. 

KauMoNii,  F.K.C.S.    Fcap.  Hvo,  Is. 

A  Practical  Treatise  on  Disease  in  Children. 

By  EUiiTACK  Smith,  M.D.,  F.K.C.T.,  Physician  to  the  King  of  the 
Belgians,  and  to  the  East  London  Hospital  for  Children,  etc.  Second 
Edition.   8vo,  228. 

By  the  same  Author. 

Clinical    Studies    of    Disease    in  Children. 

Second  Edition.    Post  8vo,  7s.  6d. 

Also. 

The    Wasting     Diseases     of    Infants  and 

Cliildren.    Fitlli  Edition     Post  8vo,  8s.  (id. 

The  Diseases  of  Children.   (Student's  Guide 

Series.)   By  Jas.  F.  Goohhakt,  M.D.,  F.K.C.P.,  Physician  to  Guy's 
Hospital.    Fifth  Edition.    Fcap.  8vo,  10s.  (id. 

Manual   of  Diseases  of  Children,  for  Prac- 
titioners anil  Stnilents.    By  W.  H.  Day,  M.D.,  Physician  to  the  * 
Samaritan  Hospital.    Second  Edition.    Crown  8vo,  12s.  tid. 

On  the  Natural  and  Artificial  Methods  of  Feed- 
ing Infants  an<l  Young  Children.  By  Ki>miini>  Cauti.kv,  M.D., 
Physician  to  the  Belgra\e  Hospital  for  Children.    Crown  8vo,  7s.  (id. 

Materia    Medica,    Pharmacy,  Pharmacology, 

ami  Theratieulics.  By  W.  Halk  Whitk,  M.D.,  F.R. CP.,  Pliysician 
to,  an<l  Lecturer  on  I'hai niaeology  and  Therapeutics  at,  Gwy's 
Hospital.  Third  Edition,  based  upon  the  B.P.  of  18SI8.  Fcap.  8vo, 
78.  6d, 


7,  GREAT  MARLBOROUGH  STREET. 

7 


J.  8f  A.  ChurchilVs  Recent  Works. 


Materia  Medica  and  Therapeutics.   By  Charles 

D.  F.  Phillips,  M.D.,  LL.D.,  P.R.S.  Ediii. 
Vegetable  Kingdom — Organic  Compounds — Animal  Kingdom.    8vo,  25s. 
Inorganic  Substances.    Second  Edition.    8\  o,  21s. 

Practical    Pharmacy:    an    Account    ot  the 

Methods  of  Manvifact\iring  and  Dispensing  Pharmaeeuti jal  P/epara- 
tions  ;  with  a  cliapter  on  tlie  Analysis  of  Urine.  By  15.  W.  LucA.s, 
F.C.S.,  Examiner  at  the  Pharmaceutical  Society.  AVith  2S3  Illustra- 
tions.   Hoy.  8vo,  12s.  (5(1. 

Galenic  Pharmacy :  a  Practical  Handbook  to 

the  Processes  of  the  British  Pharmacopceia.  By  li.  A  Ckipps,  M.P.S. 
8vo,  with  76  Engravings,  8s.  6d. 

Practical  Pharmacy.    By  Barnard  S.  Proctor. 

Third  Edition.   8vo,  with  Engravings  and  Fac  simile  Prescriptions,  1-ls. 

The  Galenical   Preparations   of  the  British 

PJiarmacopoeia;  a  Handbook  for  Medical  and  Pharmaceutical  Students. 
By  0.  O.  Hawthorne,  M.B.,  CM.,  Lecturer  on  Materia  Medica  ami 
Therapeutics,  Queen  Margaret's  College,  Glasgow.    8vo,  4s.  6d. 

Pereira's   Selecta    e   Prescriptis  :  containing 

IJsts  of  Terms  used  in  Prescriptions,  with  Explanatory  Notes,  etc. 
Also,  a  Series  of  Abbreviated  Prescriptions  with  Translations 
Eighteenth  Edition,  by  Joseph  Ince.    21mo,  -os. 

The  Pharmaceutical  Formulary  ;  a  Synopsis 

of  (he  British  and  Foreign  Pharmacopoeias.  By  Henry  Beasley. 
Twelfth  Edition  by  J.  Oldham  Braithwaite    18mo,  6s.  6d. 

By  the  same  Author. 

The  Druggist's  General  Receipt-Book.  Tenth 

Edition.    18mo,  6s.  6d. 

Also. 

The  Book  of  Prescriptions  :  containing  upwards 

of  3,000  Prescriptions  collected  from  the  Practice  of  the  most  eminent 
Physicians  and  Surgeons,  English  and  Foreign.  Seventh  Edition, 
18mo,  6s.  6d. 

A  Companion  to  the  British  Pharmacopoeia. 

By  Peter  Squire,  Revised  by  his  Sons,  P.  W.  and  A.  H.  Squire. 
Sixteenth  Edition.   8vo,  12s.  6d. 

By  the  same  Authors. 

The  Pharmacopoeias  of  the  London  Hospitals, 

arranged  in  Groups  for  Easy  Reference  and  Comparison.  Sixth 
Edition.   18mo,  6s. 
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Royle's    Manual    of    Materia    Medica  and 

Thenipt- uties.  Sixth  Biiition,  including  iulditions  and  alterations 
in  the  B.P.  ISSo.  By  John  Haulky,  M.I).,  Physician  to  St.  Thomas's 
Hospital.    Crown  8vo,  with  189  Engravings,  los. 

Southall's  Organic  Materia  Medica,  being  a 

Handbook  treating  of  some  ot  the  more  important  of  the  Animal  and 
Vegetable  Drugs  niade  use  of  in  Medicine,  including  the  whole  of 
those  contained  in  tlie  British  Pharmacopoeia.  Fifth  and  Enlarged 
E<litioii,  by  John  Bakclay,  B.Sc.Lond.,  some  time  Lecturer  on 
Materia  Medica  and  Pharmacy  in  Mason  CcUege,  Birmingham. 
8vo,  6s. 

Recent  Materia  Medica  and  Drugs  occasion- 
ally Prescrilierl.  Notes  ou  their  Origin  and  Therapeutics.  By  F. 
Harwood  Lescher,  F.C.S.,  Pereira  Medallist.  Fifth  Edition.  8vo,  48. 

Year-Book  of  Pharmacy:  containing  the  Trans- 

actionsof  t  he  Brit  ish  Pharmaceutical  Conference.  Annually.  8vo,  lOs. 

Manual  of  Botany,  in  two  Vols.,  crown  8vo. 

By  J.  Rkynolds  Green,  Sc.D.,  M.A.,  F.K.S.,  Professor  of  Botany  to 
the  Pbarmaceuticiil  Society. 

Vol.  I. :  Morphology  and  Anatomy,  with  783  Engravings,  Second 
Edition.    7s.  6d. 

Vol.  II. :  Classilication  and  Physiology,  with  415  Engravings,  10s. 

The  Student's  Guide  to  Systematic  Botany, 

including  the  Classihcjition  of  Plants  and  Descriptive  Botany.  By 
KonERT  Bentley,  late  Emeritus  Professor  of  Botany  in  King's 
College  and  to  the  Pharmaceutical  Society.  Fcap.  8vo,  with  350 
Engravings,  .'!s.  6d. 

Medicinal    Plants :   being   Descriptions  with 

original  figures,  of  the  Principal  Plants  employed  in  Medicine,  and 
an  account  of  their  Properties  and  Uses.  By  Prof.  Bkntley  and  Dr. 
H.  Trimen,  F.R.S.  In  4  vols.,  large  8vo,  with  ;}06  Coloured  Plates, 
bound  in  Half  Morocco,  Gilt  Edges,  £U  lis. 

Practical     Therapeutics :     a    Manual.  By 

EinvAUD   J.  Warinu,  C.I.E.,  M.D.,  F.R.C.P.,  and   Dudley  W. 
Buxton,  M.D.,  B.S  Lond.   Fourth  Edition.   Crown  8vo,  148. 
By  the  same  Authon 

Bazaar   Medicines    of   India,   and  Common 

Mediciil  Plants.  With  Full  Index  of  Diseases,  indiaitiug  their  Treat- 
ment by  these  and  other  Agents  procurable  throughout  India,  etc. 
Fifth  Edition.    Fcivp.  Svo,  5s.  ' 
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Climate  and  Fevers  of  India,  with  a  Series 

of   Cases   (Croonian   Lectures,    1882).    By   Sir  Joskph  Faykkk, 
K.C.S.I.,  M.D.   Svo,  with  17  Temperature  Charts,  128. 
By  the  same  Author. 

The   Natural   History   and  Epidemiology  of 

Cholera :  being  the  Annual  Oration  of  the  Medical  Society  of  London, 
1888.    Svo,  lis.  6d. 

Psilosis  or  "Sprue":  its  Nature  and  Treat- 
ment ;  with  Observations  on  various  Forms  of  Diarrhasa  acquired  in 
the  Tropics.  By  Georgk  Thin,  M.D.  Second  and  Enlarged  Edition, 
with  Illustrations.    Svo,  10s. 

A  Manual  of  Family  Medicine  and  Hygiene 

for  India.  Published  under  the  Authority  of  the  Government  of 
India.  By  Sir  William  J.  Moore,  K.C.I.E.,  M.D.,  late  Surgeon- 
General  with  the  Government  of  Bombay.  Sixth  Edition.  Post  Svo, 
with  71  Engravings,  12s. 

By  the  same  Author. 

A  Manual  of  the  Diseases  of  India  :  with  a 

Compendium  of  Diseases  generally.  Second  Edition.  Post  Svo, 
lOa. 

The  Prevention  of  Disease  in  Tropical  and 

Sub-Tropical  Campaigns.  (Parkes  Memorial  Prize  for  1SS6.)  By 
Lieut.-Col.  Andrew  Duncan,  M.D.,  B.S.  Lond.,  F.R.C.S.,  H.M. 
Indian  Medical  Service.    Svo,  12s.  6d. 

A  Commentary  on  the  Diseases  of  India.  By 

Norman  Chevers,  CLE.,  M.D.,  F.K.C.S.,  Deputy  Surgeo)i-General 
H.M.  Indian  Army.    Svo,  21s. 

Hooper's  Physicians'  Vade-Mecum  :  a  Manual 

of  the  Principles  and  Practice  of  Phj'sic.  Tenth  Edition.  By  W.  A. 
Guy,  F.R.C.P.,  F.R.S.,  and  J.  Harlkt,  M.D.,  F.R  C.P.  With  118 
Engravings.    Fcap.  Svo,  12s.  6d. 

The    Principles    and    Practice   of  Medicine. 

(Text-book.)  By  the  late  C.  Hilton  Fagge,  M.D.,  and  P.  H. 
Pve-Smith,  M.b.,  F.R.S.,  F.R.C.P.,  Physician  to,  and  Lecturer  on 
Medicine  at,  Guy's  Hospitiil.  Third  Edition.  2  vols.  8</C!,  cloth,  .10s. ; 
Half  Leather,  46s. 

Manual   of   the    Practice   of  Medicine.  By 

Frekertck  Taylor,  M.D.,  F.R.C.P.,  Physician  to,  and  Lecturer 
on  Medicine  at,  Guy's  Hospital.  Fifth  Edition.  Post  Svo,  with 
Engravings,  Itjs. 
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A    Dictionary    of   Practical    Medicine.  By 

V!irio\is  writers.  Edited  by  Jas.  Kincjston  FowLitK,  M.A.,  M.I)., 
F.R.C.P.,  Physician  to  Miildlesex  Hospital  and  the  Hospitiil  for  Con- 
sumption.   8vo,  cloth,  L^s. ;  liulf  calf,  3os. 

The  Practice  of  Medicine.    (Student's  Guide 

Series.)  By  M.  Chaktkkis,  M.D.,  Professor  of  Therapeutics  and 
Materia  Mediea  in  the  University  of  Glasgow.  Seventh  Edition. 
Fcap.  tivo,  with  Bnt;raviiii;s  on  Copper  and  Wood,  10s. 

A  Text-Book  of  Bacteriology  for  Students  and 

Practitioners  of  Medicine.  By  G.  M.  Stkrnhekg,  M.D.,  Surgeon- 
General,  U.S.  Army.  With  9  Plates  and  200  Figures  in  the  Text. 
8vo,  24s. 

How  to   Examine    the    Chest:    a  Practical 

Guide  for  the  use  of  Students.  By  Samuel  Wb-st,  M.U.,  F.K.C.P. 
Assistant  Physician  to  St.  Bartholomew's  Hospital.  Second  Edition. 
With  Engravings.    Fcap.  8vo,  5s. 

An  Atlas  of  the  Pathological  Anatomy  of  the 

Lungs.  By  the  late  Wilson  Fox,  M.D.,  F.R.S.,  F.R.C.P., 
Physiciaii  to  H.M.  the  Queen.  With  45  Plates  (mostly  Coloured)  and 
Engravings.   4to,  half-bound  in  Calf,  70s. 

By  the  same  Author. 

A  Treatise  on   Diseases   of  the  Lungs  and 

Pleina.  E<lited  by  Sidnky  Coupland,  M.D.,  F.R.C.P.,  Pliysician  to 
Middlesex  Hospital.  Roy.  8vo,  with  Engravings ;  also  Portrait  and 
Memoir  of  the  Author,  .36s. 

The  Student's  Guide  to  Diseases  of  the  Chest. 

By  Vincent  D.  Harris,  M.D.  Lond.,  F.R.C.P.,  Physician  the  City 
of  London  Hospital  for  Diseases  of  the  Chest,  Victoria  Park.  Fcap. 
8vo,  with  55  Hlustrations  (some  Coloured),  Is.  6d. 

The   Schott   Methods   of  the   Treatment  of 

Chronic  Diseases  of  the  Heart,  with  an  account  of  t  he  Nauheim  Bat  lis, 
and  of  the  Therapeutic  E.xercises.  By  W.  Bkzly  Thorne,  M.D., 
M.R.C.P.    Second  Edition.    8vo,  with  Hlustrations,  6s. 

Guy's  Hospital  Reports.    By  the  Medical  and 

Surgiciil  Staff.    Vol.  XXXYII.    Thin!  Series.    8vo,  lOs.  6d. 

St.  Thomas's  Hospital  Reports.  By  the  Medical 

and  Surgical  Staff.   Vol.  XXIV.   New  Series.   8vo,  Ss.  6d 

Westminster  Hospital  Reports.  By  the  Medical 

and  Surgical  Staff.    Vol.  X.   8vo,  Ss. 
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Medical  Diagnosis.    (Student's  Guide  Series.) 

By  Samuel  Fenwick,  M.U.,  F.K.C.P.,  and  W.  Soltau  Fexwick, 
M.D.,  B.S.    Eighth  Edition.    Crown  8vo,  with  1.3.5  Engravings,  9s. 
By  the  same  Authors. 

Outlines  of  Medical  Treatment.    Fourth  Edition. 

Crown  8vo,  with  35  Engravings,  10s. 

Also,  by  Dr.  Samuel  Fenwick. 

Clinical  Lectures  on  some  Obscure  Diseases 

of  the  Abdomen.  UeUvered  at  the  London  Hospital.  8vo,  with 
Engravings,  7s.  6d, 

And 

The  Saliva  as  a  Test  for  Functional  Diseases 

of  the  Liver.    Crown  ><vo,  2s. 

The  Microscope  in  Medicine.    By  Lionel  S. 

Beale,  M.B.,  F.K.S.,  Consulting  Physician  to  King's  College  Hos- 
pitaL    Fourth  Edition.   8vo,  with  86  plates,  2l8. 

By  the  same  Author. 

The  Liver.   With  24  Plates  (85  Figures).    8vo,  5s. 

Also. 

On  Slight  Ailments  :  and  on  Treating  Disease. 

Fourtli  Edition.    8vo,  .5s. 

Myxcedema  and  the  Thyroid  Gland.    By  John 

D.  GiMLETTE,  M.R.C.S.,  L.E.C.P.    Crown  8vo.  .5s. 

The  Blood:   how  to  Examine  and  Diagnose 

its  Diseases.  By  Alfked  C.  Coles,  M.D.,  B.Sc.  With  G  Coloiued 
Plates.    8vo,  10s.  6d. 

The  Physiology  of  the  Carbohydrates;  their 

Application  as  Food  and  Relation  to  Diabetes.  By  F.  W.  Pavy,  M.D., 
LL.D.,  F.R.S.,  F.R.C.P.,  Consulting  Phjsician  to  Guy's  Hospital. 
Royal  8vo,  with  Plates  and  Engravings,  10s.  6d. 

Medical   Lectures   and   Essays.     By  Sir  G. 

Johnson,  M.D.,  F.R.C.P.,  F.R.S.,  Consultii\g  Physician  to  King's 
College  Hospital.   8vo,  with  46  Engravings,  258. 

By  the  same  Author. 

An  Essay  on  Asphyxia  (Apnoea).    Svo,  Ss. 

Also. 

History    of   the    Cholera  Controversy,  with 

Directions  for  tlie  Treatment  of  the  Disease.    Svo,  3s. 
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Uric  Acid  as  a  Factor  in   the  Causation  of 

Disease.  By  Alkxander  Haig,  M.D.,  F.H.U.P.  riiysician  to  the 
Metroiwlitan  Hospibil  and  the  Koyal  Hospital  for  Cliililren  and 
Women.    Fourth  Edition.    8vo,  with  65  Illustrations,  12s.  6d. 

Bronchial  Asthma  :  its  Pathology  and  Treat- 
ment. By  J.  B.  Bkrkakt,  M.U.,  late  Physician  to  the  City  of 
London  Hospit^il  for  Diseases  of  the  Chest.  Second  Edition,  with  7 
Plates  (So  Figures).   8vo,  10s.  6d. 

Treatment  of  Some  of  the  Forms  of  Valvular 

Disease  of  the  Heart.  By  A.  E.  Sansom.  M.D.,  F.U.C.P.,  Physician 
to  the  London  Hospital.  Second  Edition.  Fcap.  8vo,  with  2ii  Engrav- 
ings, 4s.  6d. 

Medical  Ophthalmoscopy:  a  Manual  and  Atlas. 

By  Sir  ^VlLL[AM  li.  GowEKS,  M.D.,  F.K.C.P.,  F.K.S.  Third  Editicn. 
Edited  with  the  assistance  of  Marcus  Gunn,  M.B.,  F.R.C.S.,  Surgeon 
to  the  Koyal  London  Ophthalmic  Hospital.  With  Coloured  Plates 
and  Wooilcuts.   8vo,  16s. 

By  the  same  Author. 

A  Manual  of  Diseases  of  the  Nervous  System. 
Vol.  I.— Spinal  Cord  and  Nerves.  Second 

Edition.    Itoy-  8vo,  with  179  Engravings,  l.'ig. 

Vol.  IL— Brain  and  Cranial  Nerves  :  General 

and  Functional  Diseases  of  the  Nervous  System.  Second  Edition. 
Roy.  8vo,  with  182  Engravings,  20s. 

Also. 

Clinical  Lectures  on  Diseases  of  the  Nervous 

System.   8vo  7s.  6d. 

Also. 

Diagnosis  of  Diseases  of  the  Brain.  Second 

Edition.    Svo,  with  Engravings,  7s.  6d. 

Also. 

Syphilis  and  the  Nervous  System :   being  a 

Revised  Iteprint  of  the  Lettsomian  Lectures  for  1890.  Delivered  before 
the  Medical  Society  of  London.    Svo,  Is. 

The  Nervous  System,  Diseases  of.    By  J.  A. 

Okmerod,  M.D.,  F.K.C.P.,  Pliysician  to  the  National  Hospital  for  the 
Paralysed  and  Epileptic.   Witii  66  Illustrations.   Fcap.  Svo,  8s.  6d. 
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Text-Book  of  Nervous  Diseases  for  Students 

and  Practitioners  of  Medicine.  13y  Charlks  L.  Dana,  M.D.,  Pro- 
fessor of  Nervous  and  Mental  Diseases  inBellevue  Hospital  Medical 
College,  New  York.  Fourth  EtliLion.  With  216  Illustrations.  8vo,  203. 

Diseases  of  the  Nervous  System.  Lectures 

delivered  at  Guy's  Hospital.  By  Sir  Samuel  Wilks,  Bart.,  M.D., 
F.K.S.    Second  Edition.    8vo,  18s. 

Handbook   of  the  Diseases  of  the  Nervous 

System.  By  James  Ross,  M.D.,  F.R.C.P.,  late  Professor  of  Medicine 
in  the  Victoria  University,  and  Physician  to  the  Koyal  Infirmary, 
Manchester.    Roy.  Svo,  with  184  Engravings,  IBs. 

By  the  same  Author. 

Aphasia  :  being  a  Contribution  to  the  Subject 

of  the  Dissolution  of  Speech  from  Cerebral  Disease.  Svo,  with  En- 
gravings, -Is.  6d. 

Stammering  :    its    Causes,    Treatment,  and 

Cure.   By  A.  G.  Bernakd,  M.R.C.S..  L.R.C.P.    Crown  Svo,  2s. 

Secondary  Degenerations  of  the  Spinal  Cord 

(Gulstonian  Lectures,  1S89).  By  Howard  H.  Tooth,  M.D.,  P.R.C.P., 
Assistant  Physician  to  the  National  Hospital  for  the  Paralysed  and 
Epileptic.    With  Plates  and  Engravings.    8vo,  "fe.  6d. 

Diseases  of  the  Nervous   System.  Clinical 

Lectures.  By  Thomas  Buzzard,  M.D.,  F.R.C.P.,  Physician  to  the 
■National  Hospital  for  the  Paralysed  and  Epileptic.  With  Engravings. 
Svo,  158. 

By  the  same  Author, 

Some   Forms  of  Paralysis   from  Peripheral 

Neuritis ;  of  Gouty,  Alcoholic,  Diphtheritic,  and  other  origin.  Crown 
Svo,  .5s. 

Also. 

On  the    Simulation  of  Hysteria  by  Organic 

Disease  of  the  Nervous  System.    Crown  Svo,  ■Is.  6d. 

Gout  in  its  Clinical  Aspects.    By  J.  Mortimer 

Granville,  M.D.   Crown  Svo,  6s. 

Diseases  of  the   Liver :    with   and  without 

Jaundice.  By  George  Harley,  M.D.,  F.K.C.P.,  F.R.S.  Svo,  with  2 
Plates  and  ;w  Engra\  ings,  21s. 

Rheumatic  Diseases  (Differentiation  in).  By 

Hugh  Lane,  Surgeon  to  the  Royal  Mineral  Water  Hospital,  Bath. 
Second  Edition,  much  Enlarged,  with  8  Plates.   Crown  Svo,  38.  6d. 
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Diseases  of  the  Abdomen,  comprising  those 

of  tlie  Stomach  and  other  pu  ts  of  tlie  Ahmeiitary  Canal,  CEsopliaK'iis, 
Csecvim,  Intestines,  and  PeriUnieum.  By  S.  O.  Habkrsuon,  M.I)., 
F.U.C.P.    Fourth  Kdition.    8vo,  with  5  Plates,  21s. 

On  Gallstones,   or  Cholelithiasis.     By  E.  M. 

UuoCKiiANK,  M.D.  Vict.,  M.U.C.P.  Lon.l.,  late  Resident  Medical 
Officer  at  the  Manchester  Hoyal  Infirmary  and  the  Birmingham 
General  Hospital.    Crown  Svo,  7s. 

On  the  Relief  of  Excessive  and  Dangerous 

Tympanites  by  pnneturing  the  Abdomen.  By  John  W.  ()(iLK,  M.D., 
Consultinij  Physician  to  St.  George's  Hospital.    Svo,  Tis.  6d. 

Headaches  :  their  Nature,  Causes,  and  Treat- 
ment. By  W.  H.  Day,  M.D.,  Physician  to  the  Samaritan  Hospital. 
Fourth  Edition.    Crown  Svo,  with  Engravings,  Ts.  6d. 

A  Handbook  of  Medical  Climatology,  embody- 
ing its  Principle.s  and  Therapeutic  Application,  with  Scientific  Data 
of  the  chief  Health  Resorts  of  the  World.  By  S.  Edwin  Solly,  M.D., 
M.K.C.S.,  late  President  of  the  American  Climatological  Associat  ion. 
With  Engravings  and  Coloured  Plates.    Svo,  16s. 

The    Mineral    Waters   of   France,    and  its 

Wintering  Stations  (Medical  Guide  to).  With  a  Special  Map.  By  A. 
VINTRA.S,  M.D.,  Physician  to  the  French  Embassy,  and  to  the  French 
Hospital,  London.    Second  Bilition.    Crown  Svo,  8s. 

Surgery  :  its  Theory  and  Practice.    By  William 

J.  Walsham,  F.R.C.S.,  Senior  Assistant  Surgeon  to,  and  Lecturer 
on  Anatomy  at,  St.  Bartholomew's  Hospital.  Sixth  Edition,  Crown 
Svo,  with  410  Engravings,  128.  6d. 

A  Synopsis  of  Surgery.     By   R.   F.  Tobin, 

Surgeon  to  St.  Vincent's  Hospital,  Dublin.  Crown  Svo,  interleaved, 
leather  binding,  tis.  Od. 

Surgical    Emergencies  :    together    with  the 

Emergencies  attendant  on  Parturition  and  the  Treatment  of  Poison- 
ing. By  Paul  Swain,  F.K.C.S.,  Surgeon  to  the  South  Devon 
and  East  Cornwall  Hospital.  Fifth  Edition.  Crown  Svo,  with  149 
Engravings,  (is. 

Illustrated  Ambulance  Lectures  :  (to  which  is 

added  a  Nuusing  Lectuuk)  in  accordance  with  t  he  Kcgulat  ions  of  tlie 
St.  John's  Ambulance  Association  for  Male  and  Female  Classes.  By 
John  M.  H.  Martin,  M.D.,  F.U.C.S.,  Hon.  Surgeon  to  the  Blackburn 
Infirmary.    Fourth  Edition.    Crown  Svo,  with  60  Engravings,  28. 
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Operations  on  the  Brain  (a  Guide  to).  By 

Alec  Fraser,  Professor  of  Anatomy,  Royal  College  of  Surgeons 
in  Ireland.  Illustrated  by  42  life-size  Plates  in  Autotype,  and  2 
WoodcutB  in  the  text.   Folio,  63s. 

Abdominal  Surgery.    By  J.  Greig  Smith,  M.A., 

F.K.S.E.  Sixth  Edition.  Edited  t)y  James  Swain,  M.S.,  M.D.  Lond., 
F.R.C.S.  Eng.,  Assistant-Surgeon  to  the  Bristol  Royal  Infirmary, 
Professor  of  Surgery,  University  College,  Bristol.  2  vols.,  8vo,  with 
224  Engravings,  .36s. 

The   Physiology   of   Death   from  Traumatic 

Fever;  a  Study  in  Abdominal  Surgery.  By  John  D.  Malcolm, 
M.B.,  CM.,  F.R.C.S. B.,  Surgeon  to  the  Samaritan  Free  Hospital. 
8vo,  3s.  6d. 

The  Surgery  of  the  Alimentary  Canal.  By 

Alfred  Ernest  Maylard,  M.B.  Lond.  and  B.S.,  Surgeon  to  the 
Victoria  Infirmary,  Glasgow.  With  27  Swantype  Plates  and  89 
Figures  in  the  Text,  Svo,  2.5s. 

Surgery.    By  C.  W.  Mansell  Moullin,  M.A., 

M.D.  Oxon.,  F.R.C.S.,  Surgeon  and  Lecturer  on  Physiology  to  the 
London  Hospital.    Large  Svo,  with  497  Engravings,  34s. 

A  Course  of  Operative  Surgery.     By  Chris- 

TOPHER  Heath,  Surgeon  to  University  College  Hospital.  Second 
Edition.  With  20  Coloured  Plates  (180  figures)  from  Nature,  by 
M.  L^veill^,  and  several  Woodcuts.    Large  Svo,  30s. 

By  the  same  Author. 

The  Student's  Guide   to  Surgical  Diagnosis. 

Second  Edition.    Fcap.  Svo,  6s.  6d. 

Also. 

Manual  of  Minor  Surgery  and  Bandaging.  For 

the  use  of  House-Surgeons,  Dressers,  and  Junior  Practitioners. 
Eleventh  Edition.   Fcap.  Svo,  with  176  Engravings,  6s. 

Also. 

Injuries   and  Diseases  of  the  Jaws.  Fourth 

Edition.  Edited  by  Henry  Percy  Dean,  M.S.,  F.R.C.S.,  Assistant 
Surgeon  to  the  London  Hospital.   Svo,  with  187  Wood  Engravings,  1 4s. 

Also. 

Lectures  on  Certain   Diseases  of  the  Jaws. 

Delivered  at  the  R.C.S.,  England,  1887.  Svo,  with  64  Engravings, 
2s.  6d.  Also. 

Clinical  Lectures  on  Surgical  Subjects.  De- 
livered in  University  College  Hospital.  Second  Edition,  enlarged. 
Fcap.  Svo,  with  27  Engravings,  68. 
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The   Practice   of    Surgery  :    a   Manual.  By 

Thomas  Bryant,  ConsultiiiK  Surgeon  to  Guy's  Hospitol.  Fourth 
Edition.  2  vols,  crown  8vo,  with  750  En<rnivin{,'8  (many  being 
Coloured),  and  including  6  chromo  plates, 

The   Surgeon's  Vade-Mecum  :  a  Manual  of 

Modern  Surgery.  By  K.  Dkuitt,  F.R.C.S.  Twelfth  Edition.  By 
Stani.kv  Boyd,  M.B.,  F.li.C.S.,  Assistant  Surgeon  and  Pathologist 
to  Charing  Cross  Hospit-d.    Crown  8vo,  with  :m  Eiigravings,  16s. 

The  Operations  of  Surgery  :  intended  for  use 

on  the  Dead  .and  Living  Subject  alike.  By  W.  H.  A.  Jacobson, 
M.A.,  M.B.,  M.Ch.  Oxon.,  F.K.C.S.,  Assistant  Surgeon  to,  and 
Lecturer  on  Anatomy  at,  Guy's  Hospitiil.  Third  Edition.  8vo,  with 
401  Illustrations,  34s. 

Ovariotomy   and  Abdominal   Surgery.  By 

Hakklson    CKIPP.S,    F.R.C.S.,  Surgical  StaiT,  St.  Bartholomew's 
Hospital.    With  numerous  Plates,  royal  Svo,  2:>s. 

Diseases   of  Bones  and  Joints.    By  Charles 

Macnamara,  F.K.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at,  the 
Westminster  Hospital.    8vo,  with  Plates  and  Engravings,  12s. 

On  Anchylosis.    By  Bernard  E.  Brodhurst, 

F.K.C.S.,   Surgeon  to  the  Iloyal    Orthopsedic  Hospital.  Fourth 
Edition.    Svo,  with  Engravings,  58. 

By  the  same  Author. 

Curvatures  and  Disease  of  the  Spine.  Fourth 

Edition.    8vo,  with  Engravings,  Ts.  6d. 

Also. 

Talipes   Equino- Varus    or   Club -Foot.  Svo, 

witii  Engravings,  :is.  6d. 

Also. 

Observations  on  Congenital  Dislocation  of  the 

Hip.    Third  F<liti(>n.    S\o,  23.  (Id. 

Surgical    Pathology  and    Morbid  Anatomy. 

By  Anthony  A.  Bowlby,  F.K.C.S.,  Assistant  Surgeon  to  St. 
Bartholomew's  Hospital.  Third  Edition.  Crown  Svo,  with  183 
Engravings,  lOs.  6d. 

By  the  same  Author. 

Injuries  and  Diseases  of  Nerves,  and  their 

Surgical  Treatment.   Svo,  with  20  Plates,  14s. 
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The  Human  Foot :   its  Form  and  Structure, 

Functions  and  Clothing.  By  Thomas  S.  Ellis,  Consulting  Surgeon 
to  the  Gloucester  Infirmary.  With  7  Plates  and  Engravings  (5) 
Figures).    8vo,  7s.  6d. 

The  Deformities  of  the  Fingers  and  Toes.  By 

William  Andkrson,  F.R.C.S.,  Surgeon  to  St.  Thomas's  Hospital. 
8vo,  with  18  engravings,  6s. 

Short  Manual  of  Orthopaedy.     By  Heather 

Bigg,  P.R. C.S.Ed.,  Part  I.  Deformities  and  Deficiencies  of  the 
Head  and  Neck.    8vo,  2s.  6d. 

Face   and   Foot  Deformities.     By  Frederick 

Churchill,  CM.   8vo,  with  Plates  and  Hlustrations,  lOs.  6d. 

Royal  London  Ophthalmic  Hospital  Reports. 

By  the  Medical  and  Surgical  Staff.    Vol.  XIV.,  Part  2.    8vo,  58. 

Ophthalmological  Society  of  the  United  King- 
dom.  Transactions.    Vol.  XVI.   8vo,  12s.  6d. 

Manual  of  Ophthalmic  Surgery  and  Medicine. 

By  W.  11.  H.  Jessop,  M.A.,  F.R.C.S.,  Oplitlialmic  Surgeon  to  St.  Bar- 
tholomew's Hospital.  With  5  Coloured  Plates  and  110  Woodcuts. 
Crown  8vo,  !>8.  6d. 

Nettleship's  Diseases  of  the  Eye.  Sixth  Edition. 

Revised  and  Edited  by  W.  T.  Holmes  Spicer,  M.B.,  F.R.C.S.,  Oph- 
thalmic Surgeon  to  the  Metropolitan  Hospital  and  the  Victoria 
Hospital  for  Children.  With  161  Engravings  and  a  Coloned  Plale 
illustrating  Colour-Blindness.    Crown  8vo,  8s.  6d. 

Diseases   and    Refraction   of  the  Eye.  By 

N.  C.  Macnamara,  P.R.C.S.,  Surgeon  to  Westminster  Hospital,  and 
GusTAvus  Hartridge,  F.R.C.S.,  Surgeon  to  the  Royal  Westminster 
Ophthalmic  Hospital.  Fifth  Edition.  Crown  8vo,  with  Plate,  156 
Engravings,  also  Test-types,  10s.  6d. 

On  Diseases  and  Injuries  of  the  Eye:  a  Course 

of  Systematic  and  Clinical  Lectures  to  Students  and  Medical 
Practitioners.  By  J.  R.  Wolfe,  M.D.,  P.R.C.S.E.  With  10  Coloured 
Plates  and  157  Wood  Engravings.   8vo,  21s. 

Convergent    Strabismus,  and  its  Treatment, 

an  Essay.    By  Enwm  Holthouse,  M.A.,  P.R.C.S.,  Surgeon  to  the 
Western  Ophthalmic  Hospital.    8vo,  6s. 
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Normal    and   Pathological  Histology  of  the 

Human  Eye  and  Eyelids.  By  C.  Frkd.  Pollock,  M.H.,  V.\l.C.^., 
and  F  U  S.E.,  Surgeon  for  Diseases  of  tiie  Bye  to  Anderson  s  College 
Disponsary,  Glasgow.    Crown  8vo,  with  100  Plates  (230  drawings).  Ifts. 

Atlas   of  Ophthalmoscopy.    Composed  of  12 

Chromo-lithographic  Plates  (59  Figures  drawn  from  nature)  and 
Explanatory  Text.  By  KiCHARn  LiK.mF.iCH,  M.K.C.S.  Translated  by 
l\.  KoscoKOUGH  SWANZY,  M.B.   Third  Edition,  4to,  40s. 

Refraction  of  the  Eye  :  a  Manual  for  Students. 

By  GUSTAVUS  Hartridge,  F.R.C.S.,  Surgeon  to  the  Koyal  West- 
minster Ophthalmic  Hospital.  Ninth  Edition.  Crown  8vo,  with 
101  Illustrations,  also  Test-types,  etc.,  6s. 

By  the  same  Author. 

The  Ophthalmoscope  :  a  Manual  for  Students. 

Thiid  Edition.    Crown  8vo,  with  68  Illustrations  and  4  Plates,  4s.  (id. 

Glaucoma  :  its  Pathology  and  Treatment.  By 

Pkikstlkv  Smith,  Ophthalmic  Surgeon  to  the  Queen's  Hospital, 
Birmingham.  8vo,  with  64  Engravings  and  12  Zinco-photographs. 
78.  6d. 

Hints  on  Ophthalmic  Out-Patient  Practice. 

By  CHAia,K.s  Higgkns,  Ophthalmic  Surgeon  to  Guy's  Hospital. 
Xiiird  Edition.    Fcap.  8vo,  'is. 

Methods    of    Operating    for    Cataract  and 

Secondary  Imi)airmciits  of  Vision,  with  the  results  of  ,500  cases. 
By  Major  G.  II.  Fink,  H.M.  Indian  Medical  Service.  Crown  8vo, 
with  15  Engravings,  58, 

Diseases  of  the  Eye  :  a  Practical  Handbook 

for  General  Practitioners  ami  Sl  udents.  By  Ckcii.  Kdwahd  Shaw, 
M.D.,  M.Ch.,  Ophtlialmic  Surgeon  to  the  Ulster  Hospital  for  Children 
and  Women,  Belfast.  With  a  Test-Card  for  Colour-Blindness.  Crown 
8vo,  33.  6d. 

Eyestrain  (commonly  called  Asthenopia).  By 

Krnkst  Cr.AKKK,  M.I).,  B.S.  Loud.,  Surgeon  to  the  Central  London 
Oplithalmic  Hoapit-al,  Surgeon  and  Ophthalmic  Surgeon  to  the 
Miller  Hospital.    Second  Edition.   8vo,  with  22  Illustrations,  5s. 
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Diseases  and   Injuries  of  the  Ear.     By  Sir 

William  B.  Dalbv,  F.R.C.S.,  M.B.,  Consulting  Aural  Surgeon  to 
St.  George's  Hospital.  Fourth  Edition.  Crown  8vo,  with  8  Coloured 
Plates  and  38  Wood  Engravings.    10s.  6d. 

By  the  same  Author. 

Short  Contributions  to  Aural  Surgery,  between 

1875  and  1896.    Tliird  Edition.    Svo,  with  Engravings,  .=is. 

Diseases  of  the  Ear,  including  the  Anatomy 

and  Physiology  of  the  Organ,  together  with  the  Treatment  of  the 
Affections  of  the  Nose  and  Pharynx,  which  conduce  to  Aural  Disease 
(a  Treatise).  By  T.  Mark  Hovell,  F.li.C.S.E.,  M.K.C.S. ;  Aural 
Surgeon  to  the  London  Hospital,  and  Lecturer  on  Diseases  of  the 
Throat  in  the  College,  etc.    8vo,  with  122  Engra\  ings,  18s. 

A  System  of  Dental  Surgery.    By  Sir  John 

TOMKS,  P.R.S.,  and  C.  S.  Tomes,  M.A.,  F.R.S.  Fourth  Edition.  Post 
Svo.with  289  Engravings,  16s. 

Dental  Anatomy,  Human  and  Comparative  : 

A  Manual.  By  Charles  S.  Tomes,  M.A.,  F.R.S.  Fifth  Edition. 
Post  8vo,  with  2H.3  Engravings,  14s. 

Dental   Materia   Medica,  Pharmacology  and 

Therapeutics.  By  Charles  W.  Glassington,  M.R.C.S.,  L.D.S. 
Edin.;  Senior  Dental  Sin-geon,  Westminster  Hospital;  Dental  Sur- 
geon, National  Dental  Hospital,  and  Lecturer  on  Dental  Materia 
Medica  and  Therapeutics  to  the  College.    Crown  8vo.  ("s. 

A  Manual  of  Dental  Metallurgy.     Ey  Ernest 

A.  Smith,  F.LC,  Assistant  Instructor  in  Metalliugy,  Royal  College 
of  Science,  London.    With  37  Hlustrations,  crown  8vo, -Cs.  (3d. 

A    Manual    of    Nitrous    Oxide  Anaesthesia. 

By  J.  Frederick  W.  Silk,  M.D.  Lond.,  M.R.C.S.,  Assistant 
Ansesthetist  to  Guy's  Hospital,  Anesthetist  to  the  Dental  School  of 
Guy's  Hospital,  and  to  the  Eoyal  Free  Hospital.  Svo,  with  26  En- 
gravings, .Ss. 

Practical  Treatise  on  Mechanical  Dentistry. 

By  Joseph  Richardson,  M.D.,  D.D.S.  Seventh  Edition,  revised  and 

edited  by  George  W.  Warren,  D.D.S.  Roj'al  8vo,  with  690  Engrav- 
ings, 22s. 

Leprosy  in  British  Guiana.  By  John  D.  Hillis, 

F.R.C.S.,  M.R.I. A.,  late  Medical  Superintendent  of  the  Leper 
Asylum,  British  Guiana.  Imp.  Svo,  with  22  Lithographic  Coloured 
Plates  and  Wood  Engravings,  £1  lis.  6d. 
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A  Handbook  on  Leprosy.    By  S.  P.  Impey, 

•in,l  Lunat  ic  Asylums,  Cape  Colony.    ^V  itb  3,-,  1  late.,  8n  o,  Us. 

Diseases   of  the   Skin    (Introduction  to  the 

Sui  of)    Bv  i  n.  PvE-SMrTH,  k.D.,  KU.S,,  F.U CP  Physic.an 
fo  gV.v's  HospiUl.    C-own  8vo,  with  26  Engnvvu.ss,  7s.  bd. 

A  Manual  of  Diseases  of  the  Skin,  witti  an 

Aimlvsisof  20.0M0  Consecutive  Cases  and  a  lorninlary.    By  i>UNCAN 
F  BULKLKV.  M  D.,  New  York.    Fourth  Edition,  royal  Ibmo,  bs.  bd. 

Diseases  of  the  Skin  :  a  Practical  Treatise  for 

Edition.    8vo,  with  2  Coloured  Plates  and  9ti  BngraviUKS,  20s. 

Skin  Diseases  of  Children.    By  Geo.  H.  Fox, 

M  1)  Clinical  Professor  of  Diseases  of  the  Skin,  College  of  Physicians 
J^id  SiSnl  New  York.  With  12  ]>hotogravure  and  Chromograplnc 
Plates  ami  00  Illustrations  in  the  Text.    Itoyal  8vo,  12s.  bd. 

Sarcoma   and   Carcinoma  :   their  Pathology, 

Diagnosis,  an.l  Treatment.    By  Hknky  T.  Butlin  F.R  C  S.,  Assistant 
Surgeon  to  St.  Bartholomew  s  HospiUl.    8vo,  with  4  Plates,  8s. 
By  the  same  Author. 

Malignant  Disease  of  the  Larynx  (Sarcoma 

aiul  Carcinoma).    8vo,  with  .i  Engravings,  5s. 

Also. 

Operative  Surgery  of  Malignant  Disease.  8vo,14s. 
Cancers  and  the  Cancer  Process:  a  Treatise, 

Prictical  and  Theoretic.    By  Hwuskkt  L.  Snow,  M.D.,  Surgeon  to 
the  Cancer  HospiUl,  Brompton.    8vo,  with  1.5  Plates.  15s. 
By  the  same  Author. 

The   Re-appearance   (Recurrence)   of  Cancer 

after  apparent  Extirpation.    8vo,  r.s.  M. 

Also. 

The  Palliative  Treatment  of  Incurable  Cancer. 

Crown  Svo,  2s.  t)d. 

Diagnosis   and   Treatment   of  Syphilis.  By 

Tom  Robinson,  M.D.St.  And. .Physician  to  the  Western  Skin  Hos- 
pital.   Crown  Svo,  :3s.  (id. 
^  By  the  same  Author. 

Eczema:   its  Etiology,  Pathology,  and  Treat- 
ment. Crown  Svo,  ;is.  (id. 

Also. 

Illustrations    of   Diseases   of  the    Skin  and 

Syphilis,  with  Kemarks.    Pasc.  I.  with  3  Plates.    Imp.  4to,  5s. 


7   GREAT  MARLBOROUGH  STREET. 

'  21 


J.  4r  -4.  ChurchilVs  Recent  Works. 


Cancerous  Affections  of  the  Skin  (Epithelioma 

and  Kodent  Ulcer).  Bj' Gkorgk  Thin,  M.D.  Post  8vo,  with  8  Kiifjrav- 
ings,  OS.  ^^^g  Author: 

Pathology    and    Treatment    of  Ringworm. 

8vo,  with  21  Engravings,  5s. 

On  Cancer  :  its  Allies,  and  other  Tumours : 

their  Medical  and  Surgical  Treatment.  By  F.  A.  Purckll,  M.D., 
M.C.,  Surgeon  to  the  Cancer  Hospital,  Brompton.  8vo,  with  21 
Engravings,  10s.  6d. 

Urinary  and  Renal  Derangements  and  Calcu- 
lous Disorders.  By  Lionel  S.  Beale,  F.K.C.P.,  F.K.S.,  Physician  to 
King's  College  Hospital.   8vo,  5s. 

Chemistry  of  Urine  :  a  Practical  Guide  to  the 

Analytical  Examination  of  Diabetic,  Albuminous,  and  Gouty  Urine. 
By  Alfred  H.  Allen,  F.I.C.,  F.C.S.,  Public  Analyst  for  the  West 
Hiding  of  Yorkshire,  &c.    8vo,  with  Engravings,  78.  6d. 

Clinical  Chemistry  of  Urine  (Outlines  of  the). 

By  C.  A.  MacMunn,  M.A.,  M.D.  8vo,  with  64  Engravings  and  PLate 
of  Spectra,  9s. 

Diseases  of  the  Male  Organs  of  Generation. 

By  W.  H.  a.  Jacobson,  M.Ch.Oxon.,  P.ll.C.S.,  Assistant-Surgeon  to 
Guy's  Hospital.    8vo,  with  88  Engravings,  223. 

Atlas  of  Electric  Cystoscopy.     By  Dr.  Emil 

BuRCKHARDT,  late  of  the  Surgical  Clinique  of  the  University  of 
Bale,  and  B.  Huruy  Fenwiok,  P.R.C.S..  Surgeon  to  the  London 
Hospital  and  St.  Peter's  Hospital  for  Stone,  lloyal  8vo,  with  34 
Coloured  Plates,  embracing  83  Figures.  21s. 

Electric    Illumination    of   the    Bladder  and 

Urethra,  as  a  Means  of  Diagnosis  of  Obscure  Vesico-Urethral  Diseases. 
By  B.  Hurry  Fenwick,  F.R.C.S.,  Surgeon  to  London  Hospital  and 
St.  Peter's  Hospital  for  Stone.  Second  Edition.  8vo,  with  54  En- 
gravings, 6s  6d. 

By  the  Same  Author. 

Tumours  of  the  Urinary  Bladder.    The  Jack- 

sonian  Prize  Essay  of  1887,  rewritten  with  200  additional  cases.  In 
four  Fascicidi.    Fas.  I.    Koyal  8vo,  5s. 

Also. 

The  Cardinal  Symptoms  of  Urinary  Disease  : 

their  Diagnostic  Significance  and  Treatment.  8 vo,  with  36  Illustra- 
tions, 88.  6d. 
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By  SIR  HENRY  THOMPSON,  BART.,  F.R.C.S. 

Diseases    of   the    Urinary    Organs.  Clinical 

Lectures.   Eighth  Edition.   8vo,  with  121  Engravings,  10s.  M. 

Some  Important  Points  connected  with  the 

Surgery  of  the  Urinary  Organs.  Lectures  delivered  in  the  K.C.S. 
8vo,  with  44  Engravings.    Student's  Edition,  as.  6d. 

Practical  Lithotomy  and  Lithotrity ;    or,  an 

Inquiry  into  the  Best  Modes  of  Kemoving  Stone  from  the  Bladder. 
Third  Edition.    8vo,  with  87  Engravings,  10s. 

The  Preventive  Treatment  of  Calculous  Dis- 
ease, and  the  Use  of  Solvent  Kemedies.  Third  Edition.  Cr.  Svo,  2s.  6d. 

Tumours  of  the  Bladder  :  their  Nature,  Sym- 
ptoms, and  Surgical  Treatment.  Svo,  with  numerous  Illustrations,  5s. 

Stricture  of  the  Urethra,  and  Urinary  Fistulae  : 

their  Pathology  and  Treatment.  Fourth  Edition.  Svo,  with  74  En- 
gravings, 63. 

The   Suprapubic   Operation   of  Opening  the 

BLidder  for  Stone  and  for  Tumours.    Svo,  with  Engravings,  3s.  6d. 

Introduction  to  the  Catalogue;  being  Notes 

of  1,1  wo  Cases  of  Calculi  of  the  Bladder  removed  by  the  Author,  and 
now  in  the  Museum  of  K.C.S.   Svo,  28.6d. 


The  Surgical  Diseases  of  the  Genito-Urinary 

Organs,  including  Syphilis.  By  E.  L.  Kkyks,  M.U..  Professor  of 
(Jenito-Urinary  Surgery,  Syphiology,  and  Dermatology  in  Bellevue 
HospiUl  Mediwil  College,  New  York  (a  revision  of  Van  Burkn  and 
Kkyks"  Textrhiwk).   Koy.  Svo,  with  114  Engravings,  2l8. 

Lectures   on   the   Surgical  Disorders  of  the 

Urinary  Organs.  By  Ueoinald  Haruison,  F.K.C.S.,  Surgeon  to  St. 
Peter's  HospiUil.    Fourth  Edition.    Svo,  with  15(5  Engravings,  His. 

Syphilis.  By  Alfred  Cooper,  F.R.C.S.,  Con- 
sulting Surgeon  to  the  West  London  and  the  Lock  Hospitals.  Second 
Edition.  Edited  by  Euwaku  C'ottkkkll,  F. K.C.S.,  Surgeon  (out- 
patients) to  the  Lon<lon  Lock  Hospital.  Svo,  with  24  Full-page 
Plates  (12  coloured),  18a. 
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On  Maternal  Syphilis,  including  the  presence 

and  recognition  of  Syphilitic  Pelvic  Disease  in  Women.  By  John 
A.  Shavv-Mackenzik,  M.D.    With  Coloured  Plates.  8vo,  lOs.  (jd. 

Diseases  of  the  Rectum  and  Anus.    By  Alfred 

CooPKR,  P.U.C.S.,  Senior  Surgeon  to  St.  Mark's  Hospital  for 
Fistula;  and  F.  Swinforu  Edwards,  F.U.C.S.,  Senior  Assistant 
Surgeon  to  St.  Mark's  Hospital.  Second  Edition,  with  Illustrations. 
8vo,  12&. 

Diseases    of   the    Rectum    and    Anus.  By 

Harrison  Cripps,  F.R.C.S.,  Assistant  Surgeon  to  St.  Bartholomew's 
Hospital,  etc.  Second  Edition.  8vo,  with  1^5  Lithographic  Plates  and 
numerous  Wood  Engravings,  12s.  6d. 

By  the  same  Author. 

Cancer  of  the  Rectum.   Especially  considered 

with  regard  to  its  Surgical  Treatment.  Jacksonian  Prize  Essay. 
Third  Edition.   Svo,  with  13  Plates  and  several  Wood  Engravings,  6s. 

Also 

The    Passage   of   Air  and   Faeces  from  the 

Urethra.    8vo,  Ss.  6d. 

A  Medical  Vocabulary  :  an  Explanation  of  all 

Terms  and  Phrases  used  in  the  various  Departments  of  Medical  Science 
and  Practice,  tlieir  Derivation,  Meaning,  Application,  and  Pronuncia- 
tion. By  R.  G.  Maynk,  M.D.,  LL.D.  Sixth  Edition,  by  W.  W. 
Wagstaffk,  B.A.,  F.K.C.S.    Crown  Svo,  10s.  6d. 

A  Short  Dictionary  of  Medical  Terms.  Being 

an  Abridgment  of  Mayne's  Vocabulary.    64mo,  2s.  (5d. 

Dunglison's  Dictionary   of  Medical  Science. 

Contiiining  a  full  Explanation  of  its  various  Subjects  and  Terms, 
with  their  Pronunciation,  Accentuation,  and  Derivation.  Twenty- 
first  Edition.  By  Richard  J.  DuNGi.isoN,  A.M.,  M.D.  Royal  8vo,  30s. 

Terminologia  Medica  Polyglotta  :   a  Concise 

International  Dictionary  of  Medical  Terms  (French,  Latin,  English, 
German,  Italian,  Spanish,  and  Russian).  By  Theodore  Maxwell, 
M.D.,  B.Sc,  F.R.C.S.  Edin.   Royal  Svo,  16s. 

A    German- English    Dictionary    of  Medical 

Terms.  By  Frederick  Treves,  F.R.C.S.,  Surgeon  to  the  London 
Hospital ;  and  Hugo  Lang,  B.A.    Crown  Svo,  half-Persian  calf,  12s. 
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A  Manual  of  Chemistry,  Theoretical  and  Prac- 

:     >     .7  Wm  ,7vM  V  TiLi>b:Nl)Sc,F.U.S.,  Professor  of  Chemistry 

The  l)elnu^m«it  oiSc^,^^^^  a.ul  Art.    AVilh  2  Plates  and  Mi  Woodcuts, 
crown  t!vo,  10s. 

Chemistry,  Inorganic  and  Organic.    With  Ex- 

MiiiAK  Thomson,  F.U.S.,  Professor  of  Clieinistry  in  Knif;  s  College, 
Lo.^on,  and  AUTHUK  G.'Bloxam   Hemi  of  the  Chemistry  I  c^^^^^^^^^^ 
ment,  the  Goldsmiths'  Institute,  New  Cross.    Svo,  with  2bl  Engrav 
ings,  li<s.  6d. 

Si/  ^/?e  same  Author. 

Laboratory  Teaching;  or,  Progressive  Exer- 
cises in  Practical  Chemistry.  Sixth  Edition,  by  ARTHUR  G.  Bloxam. 
Crown  S\.),  with       Engravings,  6s.  tjd. 

Watts'  Organic  Chemistry.    Edited  by  William 

A  TiLDKN,  IXSc.,  F.U.S.,  Professor  of  Chemistry,  Koyal  College  of 
Science,  hondcm.    Second  Edition.    Crown  Svo,  10s. 

Practical  Chemistry,  and  Qualitative  Analysis. 

Bv  Fkank  CLOWE.S,  D.Sc.  l.ond.,  Professor  of  Chemistry  in  the 
University  College,  Nottingham.  Sixth  Edition.  Post  Svo,  with  84 
Engnivings  and  Frontispiece,  8s.  6d. 

Quantitative   Analysis.     By    Frank  Clowes, 

1)  jj,..  Lun<l.,  late  Professor  of  Chemistry  in  the  University  College, 
Nottingham,  and  J.  Bkknard  Coi.kman,  Assoc.  K.  C.  Sci.  l^ublin; 
Professor  of  Chemist  rv,  South-West  London  Polytechnic,  tourth 
Edition.    Post  Svo,  with  117  Engravings,  10s. 

By  the  samp.  Authors. 

Elementary  Practical  Chemistry  and  Qualita- 
tive Analysis.   With  .>i  Engravings,  Post  Svo,  3s.  6d. 

Also 

Elementary  Quantitative   Analysis.     With  62 

Engravings,  Post  8vo,  4s.  Od. 

Qualitative  Analysis.  By  R.  Fresenius.  Trans- 
lated by  CHAKLb,.s  E.  Gkovks,  F.U.S.  Tenth  Edition.  Svo,  with 
Coloured  Plate  of  Spectra  and  Hi  Engra\  ings,  ir^s. 

By  the  same  Author. 

Quantitative  Analysis.    Seventh  Edition. 

Vol.    I.,  Translated  by  A.  Vaciier.    Svo,  with 

106  Engravings,  1.5s. 

Vol.  II.,  Parts  1  to  5,  Translated  by  C.  E.  Groves, 

F.R.S.   Svo,  with  Engravings,  2s.  6d.  each. 
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Inorganic  Chemistry.    By  Sir  Edward  Frank- 

-"iv?-,?-'  PvPc^  'J^^  ^-'  'in'l  Fkancis  K.  Japp,  M.A., 

^n.u.,  ii.i.c.,  t.K.b.,  Professor  of  Chemistry  in  the  University  of 
Aberdeen.  8vo,  with  nuinerons  llhistratious  on  Stone  and  Wood,  248. 

Inorganic    Chemistry    (A    System    of).  By 

William  Ramsay,  Ph.D.,  P.R.S.,  Professor  of  Chemistry  in  the 
University  College,  London.    8vo,  with  Engravings,  15s. 

By  the  same  Author. 

Elementary  Systematic  Chemistry  for  the  Use 

of  Schools  and  Colleges.  With  Engravings.  Crown  8\'o,  48.  6d. ; 
Interleaved,  .5b.  6d. 

Valentin's  Practical  Chemistry  and  Qualitative 

and  Quantitative  Analysis.  Edited  by  Dr.  W.  H.  Hodgkinson, 
i.K.b.E.,  Professor  of  Chemistry  and  Physics  at  the  Royal  Military 
Acadeniy,  and  Artillery  Oolle^e,  Woolwich.  Ninth  Edition.  8vo,  with 
iiiigiw-ttigs  and  Map  of  Spectra.    9s.   (The  Tables  ecparately,  I's.  (  d.) 

Practical  Chemistry,  Part  I.  Qualitative  Exer- 
cises and  Analytical  Tables  for  Students.  By  J.  Campbell  Brown, 
Professor  of  Chenn'stry  in  Victoria  University  and  University  College, 
Liverpool.    Fourth  Edition.    8vo,  2s.  6(1. 

The  Analyst's  Laboratory  Companion  :  a  Col- 
lection of  Tables  ami  Data  for  Chemists  and  Students.   By  ALriiKi) 

E.  Johnson,  A.R.C.S.L,  F.LC.  Second  Edition.  Crown  8vo,  cloth, 
OS. ;  leather,  6s.  Od, 

Commercial  Organic  Analysis  :  a  Treatise  on 

the  Properties,  Modes  of  Assaying,  Proximate  Analytical  Examination, 
etc.,  of  the  various  Organic  Chemicals  and  Protlucts  employed  in  the 
Arts,  Manufactures,  Medicine,  etc.    By  Alfred  H.  Allkn,  F.I.C. 

Tliird  Edition. 
Vol.  I.,  18s. ;  Vol.  II.,  Parti.,  14s. 

Second  Edition. 
Vol.  hi.,  Pt.  IL,  ISs.;  Vol.  III.,  Pt.  III.,  18?.  ; 

Vol.  IV.,  completing  the  work,  ISs. 

Volumetric  Analysis  (A  Systematic  Hand- 
book of);  or  the  Quantitative  Estimation  of  Chemical  Substjinees  Ijy 
Measure,  applied  to  Liquids,  Solids,  and  Gases.   By  Francis  Sutton, 

F.  C.S.,  F.I.C,  Public  Analyst  for  the  County  of  Norfolk.  Seventh 
Edition.   8vo,  with  112  Bngrawugs,  18s.  6d. 
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Chemical  Technology:  or,  Chemistry  in  its 

Appliciitions  to  Arts  iiiut   Miinufiietiiros.    Edited  liy  Chaulks  B. 
Qkovks,  F.K.S.,  and  William  Tiioup,  B.So. 

yoh.  I.— Fuel  and  its  Applications.    By  E.J. 

Mills,  D.Sc,  F.U.S.,  and  F.  J.  Kowan,  C.E.    Koyal  Svo,  with 
tkhj  Bii^nivings,  303. 

Vol.  II.— Lighting,  Fats  and  Oils,  by  W.  Y. 

Dknt.  Steabink  Inuustky,  by  J.  McArthuu.  Candle  Manu- 
factuke,  by  L.  Field  and  F.  A.  Field.  The  Petroleum 
Industry  and  Lamps,  by  BdVKUTON  Kedwood.  Miners'  Safety 
Lamps,  by  B.  Redwood  and  D.  A.  Louis.  Koyal  «vo,  with  358 
Eiigravinjjs  and  Map,  20s. 

Cooley's    Cyclopaedia  of  Practical  Receipts, 

and  Collateral  Information  in  the  Arts,  Manufactures,  Professions, 
and  Trades  :  includinf;  Medicine,  Pliannacy,  Hyj^iene,  and  Domestic 
Economy.  Seventh  E.lition,  by  W.  North,  M.A.  Camb.,  F.C.S. 
2  Vols.,  itoy.  Svo,  with  371  Engravings,  42s. 

Chemical  Technology  :  a  Manual.    By  Rudolf 

VON  Wagner.  Translated  and  Edited  by  Sir  William  Ckookks, 
F. U.S.,  from  the  Thirteenth  Eidarged  German  Edition  as  remodelled 
by  Dr.  Ferdinand  Fischer.   Svo,  w  ith  596  Engravings,  .".2s. 

Technological   Handbooks.     Edited  by  John 

Gardner,  F.I.C.,  F.C.S.,  and  James  Cameron,  F.I.C. 

Brewing,    Distilling,    and    Wine  Manu- 
facture.  Crown  8vo,  witli  Engravings,  Os.  Gd. 

Bleaching,   Dyeing,  and   Calico  Printing. 

With  Formula;.    Crown  Svo,  with  Engravings,  53. 

Oils,  Resins,  and  Varnishes.     Crown  8vo, 

witli  Engmvings,  7s.  6d. 

Soaps  and  Candles.    Crown  Svo,  with  54  En- 
gravings, 7s. 

Methods  and  Formulae  used  in  the  Preparation 

of  Animal  and  Vegetable  Tissues  for  Microscopical  Examination,  in- 
cluding the  Staining  of  Bacteria.  By  Peter  Wyatt  SciUiKK,  F.L.S. 
Crown  Svo,  3s.  6d. 

The  Quarterly  Journalof  Microscopical  Science. 

Edit.ed  by  E.  Hay  Lanke.ster,  M.A.,  LL.D.,  F.U.S. ;  with  the  co- 
operation of  Adam  Seixjwick,  M.A.,  F.ll.S.,  and  W.  F.  U.  Weldon, 
M.A.,  F.U.S.  Each  Number,  10». 
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The  Microscope  and  its  Revelations.    By  the 

late  WlLiJAM  B.  Cakpknter,  C.B.,  M.D.,  LL.D.,  F.K.S.  Seventh 
Edition,  by  the  Rev.  W.  H.  Dallingek,  LL.D.,  F.R.S.  With  21 
Plates  and  800  Wood  Engravings.    8vo,  26s.    Half  Calf,  ;jOs. 

The  Microtomist's  Vade-Mecum  :  a  Handbook 

of  the  Methods  of  Microscopic  Anatomy.  By  Arthur  BoLiiES  Lee. 
Fourth  Edition,  8vo,  1.5s. 

Photo- Micrography  (Guide  to  the  Science  of). 

By  Edward  C.  Bouskikld,  L.R.C.P.  Lond.  8vo,  with  .Si  Engravings 
and  Frontispiece,  t5s. 

An  Introduction  to  Physical  Measurements, 

with  Appendices  on  Absolute  Electrical  Measurements,  etc.  By  Dr. 
F.  KouLRAUSCH,  Professor  at  the  University  of  Strassburg.  Third 
Edition,  translated  from  the  seventh  German  edition,  by  Thomas 
Hutchinson  Waller,  B.A.,  B.Sc,  and  Henry  Richardson  Procter, 
F.LC,  F.C.8.    8vo,  with  91  Ilhistrations,  123.  (5d. 

Tuson's  Veterinary  Pharmacopoeia,  including 

the  Outlines  of  Materia  Medica  anci  Therapeutics.  Fifth  Edition 
Edited'  by  James  Bayne,  F.C.S.,  Professor  of  Chemistry  and 
Toxicology  in  the  Royal  Veterinary  College.    Crown  8vo,  7s.  6d. 

The    Veterinarian's    Pocket    Remembrancer  : 

being  Concise  Directions  for  the  Treatment  of  Urgent  or  Rare  Cases, 
embracing  Semeiology,  Diagnosis,  Prognosis,  Surgery,  Therapeutics, 
Toxicology,  Detection  of  Poisons  by  their  Appropriate  Tests,  Hygiene, 
etc.  By  George  Armatage,  M.R.C.V.S.  Second  Edition.  Post 
8vo,  38. 

Chauveau's     Comparative    Anatomy    of  the 

Domesticated  Animals.  Revised  and  Enlarged,  with  the  Co-operation 
of  S.  Arloing,  Director  of  the  Lyons  Veterinary  School,  and  Edited 
by  George  Fleming,  C.B.,  LL.D.,  F.R.C.V.S.,  late  Principal  Veteri- 
nary Surgeon  of  the  British  Army.  Second  English  Edition.  8vo, 
with  .58.5  Engravings,  31s.  6d. 

Human  Nature,  its  Principles  and  the  Principles 

of  Physiognomy.    B5'  PnysiCIST.    Fart  I.,  Imp.  Uimo,  2s. 

The  Brain-Machine,  its  Power  and  Weakness. 

By  AxuKBT  Wilson,  M.D.  Edin.  With  ;J7  Illustrations,  bvo,  is.  6d. 


7,  GREAT  MARLBOROUGH  STREET. 

28 


Index  to  J.  &  A.  Churchill's  Catalogue. 


Allen's  Chemistry  of  Urine,  22  i 
  Commercial  l)rj;;uiic  Analy- 
sis, 2li 

Anderson  on  Fingers  ami  Toes,  IS 
Armatafje  s  Veterinary  I'oeket  Ke- 

meTubraneer,  2S 
Barnes'  (H.)  Olistetric  OperatioTis,  6 

 Diseases  of  Women,  6 

Beale  (L.  S.)  on  Liver,  \2 

  Microscope  in  Medicine,  12 

  Sli^'lit  Ailments,  12 

 Urinary  and  Uenal  Derange- 
ments, 22 
Beale    (P.  T.  B.)  on  Elementary 

Biology, 

Beasley's  Book  of  Prescriptions,  8 

  Druggists'  General  lieceipt 

Book, 8 

  Pharmaceutical  Formu- 
lary, 8 
Bell  on  Sterility.  t> 
Bellamy's  Surgical  Anatomy,  2 
Bentley   and   Trimen'a  Medicinal 

Plants,  9 
Bentley's  Systematic  Botany,  9 
Berkart's  Bionchial  Asthma,  13 
Bernard  on  Stammering,  14 
Bigg's  Short  Manual  of  Orthopsedy, 

18 

Bloxam's  Chemistry,  25 

  Lahoraiory  Teaching,  25 

Bonslield's  Plioto-Micrograpliy,  28 
Bowlliy's  Injuries  and  Diseases  of 
Nerves,  17 

 Surgical  Pathology  and 

Mf)rt)id  Anatomy,  17 
Brockbank  on  Gallstones,  15 
Brodhurst's  Anchylosis,  17 

 Curvatures  of  Spine,  17 

 Dislocation  of  Hip,  17 

 Tali  pesKquino- Varus, 17 

Brown's  Midwifery,  t' 

Brown's  Pract  ical  Chemistry,  2ii 

Bryant's  Pi-actice  of  Surgery,  17 

Buikley  on  Sitin,  21 

Burckliardt  and  Fenwick's  Atlas  of 

Electric  Cystoscopy,  22 
Burdett's  Hospitals  and  Asylums  of 

the  World,  4 
Butler-Smythe's  Ovariotomies,  6 
Butlin's  Malignant  Disease  of  the 

Larynx,  21 
 Operative  Surgery  of  Malig- 
nant Disease,  21 


Butlin's  Sarcoma  and  Carcinoma,  21 
Buzzard's  Diseases  of  the  Nervoiis 

System,  11 

 Peripheral  Neuritis,  14 

_  Simulation  of  Hysteria, 

14 

Cameron's  Oils,  Kesins.  and  Var- 
nishes, 27 

  Soaps  and  Candles,  27 

Carpenter  and  Dallinger  on  the  Mi- 
croscope, 28 
Carpenter's  Human  Physiology,  3 
Cautlev  on  Feeding  Infants,  7 
Charte'ris'  Practice  of  Medicine,  11 
Chauveau's  Comparative  Anatomy, 
28 

Chevers'  Diseases  of  India,  10 

Churchill's  Face  and  Foot  Deformi- 
ties, 18 

Clarke's  Eyestrain,  19 

Clouston's  Lectures  on  Mental 
Diseases,  4 

Clowes  and  Coleman's  Quantitative 
Analysis,  25 

Clowes  and  Coleman's  Elementary 
Practical  Chemistry,  25 

Clowes'  Practical  Chemistry,  25 

Coles  OTi  Blood,  12 

Cooley's  Cyclopaedia  of  Practical 
lieceipts,  27 

Cooper's  Syphilis,  23 

Cooper  and  Edwards'  Diseases  of  the 
Kect  um,  21 

Cripps'  (11.)  Ovariotomy  and  Ab- 
dominal Surgery,  17 

  Diseases  of  the  Kectum 

and  Anus,  24 

 Cancer  of  Rectum,  24 

 Air  and  Faces  in  Urethra, 

24 

Cripps'  (R.  A.)  Galenic  Pharmacy,  8 
CufT  s  Lectures  to  Nurses,  7 
CullingM'orth's  Manual  of  Nursing, 7 

 Monthly  Niu'ses,  7 

Dalby's  Diseases  an<l  Injuries  of  the 
Bar,  20 

 Short  Contributions,  20 

Dana  on  Nervous  Diseases,  11 
Day  on  Diseases  of  Children,  7 

 on  Headaches,  15 

Domville's  Manual  for  Nurses,  7 
Doran  s  Gyna!Cologicjil  Operations,  6 
Druitt's  Surgeon's  Vade-Mecum,  17 
Duncan  (A.)  on  Prevention  of  Dis- 
eases in  Tropics,  10 

[Continued  on  next  pape. 


7,  GREAT  MARLBOROUGH  STREET. 


INDKX  TO  J.  &  A.  Ohurchii,l'8  Oatalogtjb— «)nttnu«rf. 


Ellis  s  (T.  S.)  Human  Foot,  18 
FiiKKe's  Principles  and  Practice  of 

Medicine,  10 
Fayrer's  Climate  and  Fevers  of  India, 
10 

 Natural    History,  etc.,  of 

Cholera,  10 

Fenwick  (B.  11.),  Klectric  Hluniina- 
tioii  of  Blad.ler,  22 

  Symptoms  of  Urinary  Dis- 
ease, 22 

  Tumours  of  Bladder,  22 

Fenwick's  (S.)  Medical  Diagnosis,  12 

 Obscure  Diseases  of  the 

Abdomen,  12 
 Outlines  of  Medical  Treat- 
ment, 12 

 The  Saliva  as  a  Test,  13 

Fink's  Operating  for  Cataract,  19 
Flower's  Diagrams  of  the  Nerves,  2 
Fowler's    Dictionary   of  Practical 

Medicine,  11 
Fox  (G.  H.)  on  Skin  Diseases  of 

Children,  21 
Fox  (Wilson),  Atlas  of  Pathological 
Anatomy  of  the  Lungs,  11 

 Treatise  on  Diseases  of  the 

Lungs,  11 
Frankland  and   Japp's  Inorganic 

Chemistry,  26 
Praser's  Operations  on  the  Brain,  16 
Fresenius'  Qualitative  Analysis,  25 

 Quantitative  Analysis,  25 

Galabin's  Diseases  of  Women,  6 

  Manual  of  Midwifery,  5 

Gardner's  Bleaching,  Dyeing,  and 
Calico  Printing,  27 

 Brewing,  Distilling,  and 

Wine  Manufacture,  27 
Gimlctte's  Myxicdema,  12 
Glassington's"  Dental  Materia  Medi- 
ea,  2u 

Godlee's  Atlas  of  Human  Anatomy, 

Goodhart's  Diseases  of  Children,  7 
Gowers'  Diagnos  is  of  Brain  Disease 
13 

 Diseases   of  Nervons  Sys- 
tem, 1:5 

 Medical  Ophthalmoscopy,  13 

  Syphilis  and  the  Nervous 

System,  13 
Gran\  ille  on  Gout,  14 
Green's  Manual  of  Botany,  9 
Gros  es  and  Thorp's  Chemical  Tech- 
nology, 27 


Guy's  Hospital  Reports,  U 
Habershon's  Diseases  of  the  Abdo- 

meii,  15 
Haig's  Uric  Acid,  13 

  Diet  and  Food,  4 

Harley  on  Diseases  of  the  Liver,  14 
Harris's  (V.  D.)  Diseases  of  Chest,  II 
Harrison's  Urinary  Organs,  23 
ifartridge's  Itefraction  of  tlie  Eye,  19 

 Opiitlialinoscope,  19 

Hawthorne's    Galenical  Preiwra- 


tions,  8 
Heath's  Certain 


of 


the 
Sur- 


Diseases 
Jaws,  16 
Clinical  Lectures  on 

gical  Subjects,  16 
Injuries  and  Diseases  of  the 

Jaws,  16 
Minor  Surgery  and  Ban 

daging,  16 
Operative  Surgery,  16 
Practical  Anatomy,  1 
Surgical  Diagnosis,  16 
Notes  on  Gynaecologica 


Hellier's 

Nursing,  7 
Hewlett's  Bacteriology,  4 
Higgens'  Ophthalmic  Out-patient 

Practice,  19 
Hill  on  Cerebral  Circulation,  2 
Hillis'  Leprosy  in  British  Guiana,  20 
Hirschfeld's  Atlas  of  Central  Ner- 
vous System,  2 
Holden's  Iluman  Osteology,  1 

  Landmarks,  1 

Holthouse  on  Strabisnnis,  18 
Hooper's  Physicians'  Vade  Meenm. 

10  ' 
Hovell's  Diseases  of  the  Ear,  20 
Human  Nature  and  Physiognomy, 

Hyde's  Diseases  of  the  Skin,  21 
Hyslop's  Mental  Physiology,  5 
Impey  on  Leprosy,  21 
Ireland's    Mental     Affections  of 

Children,  5 
Jacobson's  Male  Organs,  22 

— —  —  Operations  of  Surgery,  1? 

Jelletfs  Midwifery  5 

Jcssop's  Ophthalmic  Surgery  and 

Medicine.  18 
Johnson's  (Sir  G.)  Asphyxia,  12 
 Medical  Lectures  and  Es- 
says, 12 

 Cholera  Controversy,  12 

 (A.  E.)  Analyst's  'Com- 
panion, 26 

[Continued  on  next  page. 


GREAT  MARLBOROUGH  STREET. 


Index  to  J.  &  A.  Ohubchiix's  Oatalogitk— conttnuerf. 


Journal  of  Mental  Science,  f) 

Kelloj;};  oil  Mental  Diseases,  o 

Kty  es'  Genito-Uriiiary  l)r};an3  and 

Svi'liilis,  -I.i 
Kohliuuscirs     Pliysieal  Measure- 
ments, is 
Lnne  s  Klieiiinat  ic  Diseases,  14 
l.aii^iloii  Down's  Mental  AITeetions 

of  CliiltlhoiMl,  T 
La7ariis  Barlow's    General  Patho- 
logy. ^ 

Lee's  Microtomists'  'Vaile-Mecum,  28 
Lesclier's  Kecent  Materia  Medica,  9 
Lewis  (Be  van)  on  tbe  Human  Brain,  2 
Liebreich's   Atlas   of  Ophthalmo- 
scopy, 19 
Lucas's  Practical  Pharmacy,  S 
MacMunn's  Clinical  Chemistry  of 
Urine,  22 

Macnaniara's  Diseases  and  Refrac- 
tion of  the  Eye,  18 

 Diseases  of  Bones  and 

Joints,  17 
McNeill's  Isolation  Hospitals,  4 
Malcolm's  PhyBioloi^y  of  Death,  16 
Marcet  on  Kespi ration,  '-i 
Martin's  Aml>ulance  Lectures,  15 
Maxwell's    Terminologia  Medica 

Polyfilotta,  24 
Maylard's  Surgery  of  Alimentary 

Canal.  IH 
Mayne's  Medical  Vocabulary,  24 
Microscopical  Journal,  27 
Mills  and  Itowan's  Fuel  and  its 

Applications,  27 
Moore's  (N.)  Pathological  Anatomy 

of  Diseases,  2 
Moore's(Sir'W. J.)Diseases  of  India.lO 

 Family  Meilicine,  etc.,  for 

India,  10 
Morris's  Human  Anat/Omy,  1 

 Anatomy  of  Joints,  2 

Moullin's  (Mansoll)  Surgery,  16 
Nettlcship's  Diseases  of  the  Eye,  18 
Notter  and  Firth's  Hygiene,  '.i 
Ogle  on  Tympanites,  15 
Oliver's  Ai)doininal  Tumours,  6 

 Diseases  of  Women,  6 

Ophthalmic  (Royal  London) Hospital 

Reports,  18 
Ophthalmological  Society's  Trans- 
actions, IK 
Ormerod's  Diseases  of  the  Nervous 

System,  i;? 
Owen's  (J.)  Diseases  of  Women,  fi 


Parkes'  (B.A.)  Practical  Hygiene,  :? 
Parkes'  (L.  C.)  Elements  of  Health,  4 
Pax  y's  Carl  lohyd  rates,  12 
Pereira's  Selei^ta  0  Prescriptis,  8 
Phillips'  Materia  Medica  and  Thera- 

jieuties,  S 
Pitt  Lewis's  Insane  and  the.  Law,  4 
Pollock's  Histology  of  the  Eye  and 

Ey(dids,  U) 
PrtKjtor  s  Practical  Pharmacy,  8 
Puroell  on  Cancer,  22 
Pye-Smith's  Diseases  of  the  Skin,  21 
Ramsay's  Elementary  Systematic 
Chemistry,  26 

 Inorganic  Chemistry,  26 

Richardson's  Mechanicixl  Dentistry, 

20 

Richmond  on  Antiseptics,  7 
Roberts'  (D.  Lloyd),  Practice  of  Mid- 
wifery, 5 
Robinson  s  (Tom)  Eczema,  21 
 Illustrations  of  Skin  Dis- 
eases, 21 

 Syphilis,  21 

Ross's  Aphasia,  14 

 Diseases  of  the  Nervous  Sys- 
tem, 14 

Royleand  Harley's  Materia  Medica,9 
St.  Thomas's  Hospital  Reports,  11 
Sansom's  'Valvular  Disease  of  the 

Heart,  13 
Shaw's  Diseases  of  the  Eye,  19 
Shaw-Mackenzie  ou  Maternal  Sy- 
philis, 24 
Short  Dictionary  of  Medical  Terms, 
24 

Silk's  Manual  of  Nitrous  Oxide,  20 
Smith's  (Ernest),  Dental  Metallurgy, 
20 

 (Eustace)  Clinical  St  udies,  7 

 Disease  in  Children,  7 

 Wasting  Diseases  of  Infants 

and  Cliildren,  7 
Smith's  (J.  Greig)  Abdominal  Sur- 
gery, 16 

Smith's  (Priestley)  Gla\icoma,  19 
Snow's   Cancers  and   the  Cancer 

Process,  21 
  Palliative  Treatment  of  Can- 
cer, 21 

  Reappearance  of  Cancer,  21 

Solly's  Medical  CliiuatoIogY',  15 
Sou t  hall's  Organ ie  Materia  Medicfi, 9 
SquiVe's   (P.)   Companion   to  the 
Pharmacopteia,  8 
ICotitinuL'd  on  next  page. 


7,  GREAT  MARLBOROUGH  STREET. 


Index  to  J.  &  A.  Ohurchili-'s  Catalogue— conttn«erf. 


Squire's    (P.)    London  Hospitals 
Pharniacopn  ias,  8 

 Metliods  and  Kormulm.  27 

Starling's  Elements  of  Human  Phy- 
siology, 3 
Sternberg's  Bacteriology,  11 
Stevenson  and  Murphy's  llj-giene,  4 
Sutton's (F.)  Vohimetrio  Analysis,  2(i 
Sutton's  (J.  B.)  Ceneral  Pathology,  2 
Swain's  Surgical  Emergencies,  15 
Swayne's  Obstetric  Aphorisms,  6 
Taylor's  (A.  S.)  Medical  Jurispru- 
dence, 3 

Taylor's  (P.)  Practice  of  Medicine,  10 
Thin's  Cancerous  Affections  of  the 
Skin,  22 

  Pathology  and  Treatment  of 

Ringworm,  22 

 Psilosis  or  "  Sprue,"  10 

Thomas's  Diseases  of  Women,  6 
Thompson's  (Sir  H.)  Calculous  Dis- 
eases, 23 

 Diseases  of  the  Urinary 

Organs,  23 

 Introduction  to  Cata- 
logue, 23 

 Lithotomy  and  Litho- 

trity,  23 

 Stricture  of  the  Ure- 
thra, 23 

 Suprapubic  Operation, 

23 

 Surgery  of  the  Urinary 

Organs.  23 
 Tumours  of  the  Bladder, 

23 

Thome's  Diseases  of  the  Heart,  11 
Thresh  on  Water  Analysis,  4 
Tilden's  Chemistry,  25 


Tobin's  Synopsis  of  Surgery,  1;") 
Tomes'  (C.  S.)  Dental  Anatomy,  20 

 (J.  &  C.  S.)Dental  Surgery,20 

Tooth's  Spinal  Cord,  14 

Treves  an<l  Lang's  Grerman-English 

Dictionary,  24 
Tuke's  Dictionary  of  Psychological 

Medicine,  5 
Tusoii's  Veterinary  Pharmacopoeia, 

28 

'Valentin  and  Hodgkinson's  Practical 

Chemistry,  2*5 
Vintras  on  the  Mineral  Waters,  etc., 

of  Prance,  I.t 
Wagner's  Chemical  Technology,  27 
Walsham's  Surgery:  its  Theory  and 

Practice,  15 
Waring's  Indian  Bazaar  Medicines, 
9 

  Practical  Therapeutics,  9 

Watts'  Organic  Chemistry,  25 
West's  (S.)  How  to  Examine  the 

Chest,  11 
Westminster  Hospital  Reports,  11 
White's    (Hale)    Matenia  Medica, 

Pharmacj',  etc.,  7 
Wilks' Diseases  of  the  Nervous  Sys- 
tem, 13 

Wilson's  (Albert)  Brain-Machine,  2S 
Wilson's  (Sir  E.)  Anatomist's  Vade- 

Mecum,  1 
Wilson's  (G.)  Handbook  of  Hygiene, 

Wolfe's  Diseases  and  Injuries  of  the 
Eye,  18 

Wynter  and  Wethered's  Practical 

Pathology,  2 
Year  Book  of  Pharmacy,  9 
Yeo's  (G.  F.)  Manual  of  Physiology.  3 


N.B.—J.  &  A.  ClmrchilVs  larcjer  Catalo(/ne  of  abovt  600  loorku  on  Anatomy, 
Physiology,  Hygiene,  Midwifery,  Materia  Medica,  Medicine,  Surgery, 
Chemistry,  Botany,  etc.  etc.,  with  a  complete  Index  to  their  Subjects,  for  easy 
reference,  will  be  forwarded  post  free  on  application. 


America.— J.  &  A.  Churchill  being  in  constant  communication  xvith  various 
publishing  houses  in  America  are  able  to  conduct  negotiations- favourable  to 
English  A  uUiors.  ' 


LONDON:  7,  GREAT  MARLBOROUGH  STREET. 


